LI GHT EM TTI NG DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the Invention
5 The present invention relates to a light emtting device. In particular,
the present invention relates to. a structure of an active matrix |ight
emtting device having thin film transistors (hereafter referred to as
TFTs) manufactured on an insulator such as glass or plastic. The present
invention also relates to an el ectronic equi pnment using the light emtting
device in its display. portion. 10 2. Description of the Related Art The
devel opnment of display devi cleﬁq} Emﬂfmé%ﬁﬁéﬁht emtting el enents such
as electro | um nescence (EL) el enents are used, has been active recently.
The term EL el enent includes either of an elenent that utilizes

| um nescence froma singlet exciton (fluorescence), and an el enent that
utilizes lumnescence froma triplet exciton (phosphorescence). An EL 15

di spl ay device is givent4 S I BHEINVEMEION t t j ng devi ce here, but
di splay _devices using other self light emtting elenents are al so included
in thd: Egldefdhy Inventioe | i ght enitting device. EL el ements are conposed of
alight emtting |ayer sandw ched between a pair of electrodes (anode and
cabhode), ndihngirésgnainventionatebatet toug lighteamitiige dévics. ndh @agidulke] the rélnt
proposed by Tang et al. of Eastnman Kodak Co. and having a hole transporting
| ayer invantioghtlateeb.td stagurdydran adificana@ixeGitt UittdNSRAL hivGnd WRTHIRAN be
typically given. This structure has extrenely high | um nous efficiency,

and t BafsiibfsYakiehRer refedRBkd 8T 1‘-'13% R fakur &l Wfﬁul%@?guch%\[/gﬁr‘asp 6F Plastic.

researched at present. Further, Other structures also exist, such as one in

~whic h'[ﬁe E%sgr#iiﬁr&?ibh Qﬂolrglﬂ% to ?1} Qgét?cin}c &{u"i’mnslgnq rlléflg}ggléelt @%ﬁ ircﬂ'aif%n!g idg‘%:e ?nm. ttin

'ayer, a ectron transporting layer are
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its display portion.
10 2. Description of the Related Art
The development of display devices in which self light emitting elements such as
- electro luminescence (EL) clements are used, has been active recently. The term EL clement
includes either of an element that utilizes luminescence from a singlet exciton (fluorescence),
and an element that utilizes luminescence from a triplet exciton (phosphorescence). An EL
15 display device is given as an example of a light emitting device here, but display devices
using other self light emitting elements are also included in the category of the light emitting
device.
EL clements are composed of a light emitting layer sandwiched between a ‘pair of
electrodes (anode and cathode), normally a laminate structures. The laminate structure
20 proposed by Tang et al. of Eastman Kodak Co. and having a hole transporting layer, a light
emitting layer, and an electron transporting layer can be typically given. This structure has
extremely high luminous efficiency, and this structure is applied to most EIL eierﬁcnts that
have been researched at present.

Further, other structures also exist, such as one in which a hole injecting layer, a hole
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sequence on an anode, and one in which a hole injecting |ayer, a hole
transporting layer, a |light emtting |ayer, an electron transporting

| ayer, and an electron injecting |ayer are l|amnated in sequence on an
anode. Any of these structures may be adopted as an EL 5 el enent structure
in the present invention. Doping of fluorescent pignents or the like to the
tight emtting layer may al so be perforned. Al |ayers fornmed between an
anode. and a cat hode are generically referred to as EL Iayers here. The

f .
A A rtﬁ*ﬁ*‘% L34 o AR ke PRkt b Y il ayer

are t ore all inclu in 0 ht tting el ement

str uc'r|S %r gé d By e %‘rho(gl%ean RAEn l"@é‘r g%d“lfcﬁ%& Ladg'é 'lg’ri% fERPOFtENE kagerag an EL
el ement. A sche tlc dla?ran1of alight emtting device is shown in Fig.

3A. An’;‘ﬁf&% efmit Yé’ﬁ A Flgcrog Yisseringnlayer emdedn sincttponinisicting Jagest arat e
300. A source signal line driver <circuit 302 for controlling source signal
| i nes, lagpinateshite sequgned ohiatearndey eAny| ofctiicscs siBBBurto mayShal nieptad aganeELi gnal

| ines are disposed in the periphery of the pixel portion 301. The gate

si @gnalelémhere stuctuer inghe puistis iBGAtiane BopRpPEdlusHTmt pigedintsyorane RE b @edes of
the pixel portion 301 in Fig. 3A but one of themmy be placed on only
one siléiht cidiimy &yer 6RPIIsdkipdgorh@kt ors such as reliability and efficiency

of circuit operation, it is preferable to dispose the gate signal line
driver circCuAfi$a ﬁpﬁfoﬁﬁe@gta@ve%ﬂ% 885 and?D cth r§ g%ﬁ'é}n:a r@feﬁ’é@ Fc}( ssfiﬂnal a.
start pul se, an I nage si gnaf1 are input tot sour i h :

1 ext s e eiﬂé .a?%%."%l“?qe%%h%aesfn?%@n% He%re he&é%%*[sp%rhﬁé éﬁeﬁﬁ%‘?’ e%ﬁa’ﬁ?légh ]

ci rcwits [ S % ned n the ga Lgﬁ‘ ine driver circujit, ul ses for

sel ect'fHg (g‘atfaélsg?rélﬁﬁllaﬂef’ Jﬁﬁf“golﬁléerﬂ? thereforstaienclygedingBLf ¢

regi ster 321 |n 2 accordance with the clock signal and the start pul se.
hlg laysas.y ofvil éﬁj’é caiing: elgmenf stiypgured by an anode, an EL layer, and a cathode is

referred to as an EL element.

A schematic diagram of a light emitting device is shown in Fig. 3A. A pixel
portion 301 is disposed in a center portion of a substrate 300. A source signal line driver
circuit 302 for controlling source signal lines, and gate signal line driver circuits 303 for

15  driving gate signal lines are disposed in the periphery of the pixel portion 301. The gate
signal line driver circuits 303 are arranged symmetrically on both sides of the pixel portion
301 in Fig. 3A, but one of them may be placed on only one side. However, considering
factors such as reliability and efficiency of circuit operation, it is preferable to dispose the
gate signal line driver circuits 303 on both the sides.

20 Signals such as a clock signal, a start pulse, and an image signal are input to the
source signal line driver circuit 302 and the gate signal line driver circuits 303 through a
flexible printed circuit (FPC) or the like. -

Operation of the driver circuits is explained. In the gate signal line driver circuit,

pulses for selecting the gate signal lines are output one after another by a shift register 321 in
2




signals are transformed by a level shifter 322, and are output to the gate
signal lines via a buffer 323, and a certain one row of the gate signal
lines is placed in a selected state. In the source signal line driver
circuit, sanpling pulses are output one after another 5 by a shift

regi ster 311 in accordance with the clock signal and the start pulses. In a
first latch <circuit 312, storage of a digital inmage signal is perforned in
accordance with the timng of the sanpling pulse. Wen operation for one

hori zqnt al,_ per.i ortion.is, coml eted, | at ch ulse is input during a
ret ur Ak i v ahe ook igntn o Pheg ety <16 oe volises smplioe S gheq | n
the first latch circuit 312 are transferred all at once to a second latch
ci r cuiStEnalbzrc frasiarged By a1 lyvelnshiftersiZgnand asr owne toghe geter sigunl dines virem
witten simultaneously to pixels of the rowto which the pul se for

sel ectiuffgr 3% agdp cckaigoat row nbthe gatesignad lindie placodsin yroldciedrst301 i s
expl ai ned next. A portion shown by reference nuneral 310 in the pixel

portion 301 Ioohe ssponsigndl dinerkeivpi xietuit, amdplifepeibdscité bupf Uad wit@ Dibtiiche
pixel is shown in Fig. 3B. Reference nuneral 351 in Fig. 3B denotes a TFT

that foynchifoRgiae 3 15R a8oirdH0E Mhehe BBk sighR8a tilcaltarl FEISL €0n b PirdSatBh
swtching TFT) during witing of the inage signal to the pixel. A TFT

havi ngireuit BT, e hBONPHigRAlifabd Yol IR plRARN) ?dﬁgl?yzm i s the
swi t ching TFT351. Refefgncé %gnéﬁaélgg engg%g&% ﬁe%ggﬁPgﬁaﬁg?grred
to a ' TR Wi ch functions, as an, el epent for. controlling electric
curre%?ﬂgﬁ%%xﬁéﬁ'tg?%ﬁ%é@i&%?eﬁ%ﬁwﬂggﬁgoa?lPWQ&§P965W'Wﬁ?nggﬁﬁﬁBagﬂnﬂ : '
n-channgel . TFT, éhen one eIecHLod l@ﬁf of .the 20 EL elenent 354 is taken as
a cat RYGE S WRH" fWiETeEED 200D 2a% e digia! ivpgrygrsiolameraw nertiqrestoreay 352
The other el ectrode 356 of the EL el ement 354 therefore becones an anode.
On t Hike GishiatcheiFmpit 312 age parsherraded!l aonce & asecand datetheirenit 348 T digtal t hen
the one electrode 35S of the EL element 354 is taken as an anode, and is
cdAnecdmegt signalhef ene nowt partiecinc diker wiittitrhemulinicoesly TEpix8E2f tHhwewotoheltich
el ectrode 356 of the EL el enent 3S4 therefore beconmes a cathode. Reference
nuner dhe BB fbepetempahes pat aghaldaieds otpot.(Cs) fornmed in order to store
The pixel portion 301 is explained next. A portion shown by reference numeral 310
in the pixel portion 301 corresponds to one pixel, and the circuit structure of the pixel is
shown in Fig. 3B. Reference numeral 351 in Fig. 3B denotes a TFT that functions as a
15  switching element (hereafter referred to as a switching TFT) during writing of the image
signal to the pixel. A TFT having either n-channel polarity or p-channel polarity may be
used as the switching TFT 351. Reference numeral 352 denotes a TFT (hereafter referred to
as a driver TFT) which functions as an element for controlling electric current supplied to an
EL element 354. If the driver TFT 352 is an n-channel TFT, then one electrode 355 of the
20  EL element 354 is taken as a cathode, and is connected to an output electrode of the driver
TFT 352. The other electrode 356 of the EL clement 354 therefore becomes an anode. On
the other hand, if a p-channel TFT is used as the driver TFT 352, then the one electrode 355

of the EL element 354 is taken as an anode, and is connected to the output electrode of the

driver TFT 352. The other electrode 356 of the EL element 354 therefore becomes a
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the electric potential applied to a gate el ectrode of the driver TFT 352.
Al t hough the storage capacitor (Cs) is shown here as an i ndependent
capacitive means, a capacitance that occurs between the gate el ectrode and
a source region of the driver TFT 352, or a capacitance that 5 occurs
between the gate el ectrode and a drain region of the driver TFT 352 may
also be wutilized. A sinple explanation is given for the relationship
between the polarity of the driver TFT 352 and the structure of the EL

el ene Y f 1 as. nd 5B. Fi 5A ,sho t.he

str ucp%l F%ﬁgi‘ ra%%?%(n(ra ngglr%ﬁq g)’ﬁ%gqeﬁg%§ IE:Iszr?(nggerrgarﬂa,cmgn@%if%r.megBms(f\qr@%sw store

sche Lcally 10 the conpections, anp Sw tchj TET 501, driver TFT
S0z, aNG SRR O UHEHETR I * SR Ao ophe Seier BET anci sAUPiEebLHOmeen
explaining circujt operation in this specification. The term"TFT turns
on" i fdPedia{Cohistshowa hersay ar éndeaensenbapapitive ghaaag e chracimsn that gscersand a
source of a TFT exceeds the absolute value of the TFT threshold voltage,
and a bsbtieasethe ggleoriectrade and raatonreearggion offthe HevearFTIT 462, drhaisapabitaned that a
conductive state 15 through a channel form ng region. The term"TFT turns
of B iqudimsetetgednhtie gde elbaodeitmd avdrhineregfont dfethe adrivag THIEBFE eyt 4160 Bat e and
the source of the TFT is | ower than the absolute value of the TFT

t hr eshpilded,ol t age, and the source region and the drain region of the TFI'
-are in a non-conductive state. In addition, the terns "gate el ectrode,

I nput el ect rQdgnpi0ekflHhatnGe gf\}%ﬁ Gor 31@4619&&%hg12§e &Pl ?ariti ?)ﬁ él?e%@:iyer

el ectrode, drain el ectrode re used separ at en expl ai

CONNEG hS. d e, vol t ween t he gat nd e source is
oFten Hds aldliR SRCHFEBERE KO HERl 39F P IETRuTE B SR ER PRC R 6
cl earl ifferentiagte hetween the sour regi on_and the drain region of '
her T Hiovis 6 Pl gt RS bor L G clet g8 F g oSS sehst g d ¢ o
as the input electrode and the output electrode when expl ai ning signal

i fBut “é%ﬁP‘E‘C%ttﬁfﬁ@fl}onaﬁcﬁ“ﬁ%mﬁfT%@%iaﬁyS‘&W%TEEﬁ@%@@dandﬂt ﬁemeuttﬁg%t el ectrode

is referred to as the source
: Further, TFT operation is discussed when explaining circuit operation in this

specification. The term “TFT turns on" indicates that the absolute value of the voltage
between a gate and a source of a TFT exceeds the absolute value of the TFT threshold voltage,
and a source region and a drain region of the TFT are thus placed in a conductive state
15  through a channel forming region. The term "TFT turns off" indicates that the absolute
value of the voltage between the gate and the source of the TFT is lower than the absolute
value of the TFT threshold voitage, and the source region and the drain region of the TFT are

in a non-conductive state.
In addition, the terms "gate electrode, input electrode, output electrode™ and gate
20  electrode, source electrode, drain electrode™ arc used separately when explaining TFT
connections. This is because the voltage between the gate and the source is often considered
when explaining TFT operation, but it is difficult to clearly differentiate between the source
region and the drain region of the TFT on a structural level. Therefore the two regions are

referred to as the input electrode and the output electrode when explaining signal input and
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region, while the other is referred to as the drain region, when expl aini ng
the relationship between the electric potentials of the TFT el ectrodes.
First, consider a case in which reference nuneral 505 denotes an anode, and
5 reference nuneral 506 denotes a cathode in the EL elenent 504. If the

el ectric potential of the electrode 505 is taken as V505 and the electric
potential of the electrode 506 is taken as V506, then it is necessary to
inmpart a forward bi as bet Ween t he anode and the cathode in order that the
EL elenent 504 en1% % Thereforé-VSOS > Vso6 is satisfied. In order to
turn ofPYthandiPRg @ tkﬂ:*rl Bholegirads andk thy; quinntielecirods ds referrrdcioatntde SPRIEE and
normal | y. appl y vol tage 10 between the el ectrodes of the EL el enent 504, it
i s ned&8i9ar Whilpahe pher dy exfermed tpag ehet drain eggsin, exhenteaplaiming sheeredtisaslipde of
the driver TFT 502 be greater than V505 by at |east the anobunt of the

t hr esHesiteleendhe eleofrict foternTiglE @R THRalkecirsdesit i s necessary to expand the
anplitude of a signal witten in froma source signal line. On the other

hand, it is FiacessmiderfDricatdién abldeh rbferenedt @ithdrall 5P Mch6Ws t@ hitRiedaha
el ectrode of the driver TFT 502 be | ess than V505 by at |east the 15 anount

of st heefdrRs hatddr @%Qieﬁﬁtcﬁ heathbde ﬁpt%e'EL SlefRht 56.t 4F eclaqeétll?ce Pgﬂéht\f of TFT

502 with certainty if it |sapcanne TFT and nor na yappyvotage

bet weaqe tReHE4ELSHSE gsdﬁﬁerp bs (F : g thé Fﬁ:@ﬁﬂt pSo%Q L%ia o% tl{e éé%x%d%fs‘bﬁ eH &Ssour ce

necessary to expan e R
Si gnalV

amunt t hus ., pr rab to use neI FT for
t he drﬁ Ver ur‘?ﬁsg%e(?ﬁss??rmégg’ég a%ﬂ ﬁé’ﬁ)ﬁ ft}‘?g c—fﬁ? frsgle agégh‘ip‘saﬂﬂ BREYE, and
-the eI E}g%gf?% is the. 20 cathode in the EL elenment 504. Further, if the
drivert FrRet OR Sitst Light ¢ Fhegeforss ¥sos oh¥e i spbtficslge Ivamier botuieen  t he
gate and t he source of the driver TFT 502 becones the voltage between the
gat e dhedriveddFIo$02 mathdedriainty TETt B0 archanied BO ded 5@5melly tapplyEvoleigerent
- 504, not that shown in Fig. 513. |If the resistance rises, increasing VEL,
dué t detiedeadhs clentrodes of Harkc tlemieat 55 itdf nédessaby thal hioelictri fadshtial agphied ti me,
or due to long termdegradation, then the electric potential of a source
to the gate electrode of the driver TFT 502 be greater than Vsgs by at least the amount of the
threshold value of the TFT 502. That is, it is necessary to expand the amplitude of a signal
written in from a source signal line. On the other hand, it is necessary for the electric
potential applied to the gate electrode of the driver TFT 502 be less than Visgs by at least the
15 amount of the threshold value of the TFT 502 in order to turn on the driver TFT 502 with
certainty if it is a p-channel TFT and normally apply voltage between the electrodes of the EL
element 504. It is therefore not necessary to expand the amplitude of the signal written in
from the source signal line large amount. It is thus preferable to use a p-channel TFT for the
driver TFT 502 for cases in Which the electrode 505 is the anode, and the electrode 506 is the
20  cathode in the EL element 504.
Further, if the driver TFT 502 is n-channel in this case, then a voltage Vgg; between
the gate and the source of the driver TFT 502 becomes the voltage between the gate clectrode

of the driver TFT 502 and the anode 505 of the EL element 504, not that shown in Fig. 5B.

If the resistance rises, increasing Vg, due to defects in the characteristics of the EL element
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el ectrode of the driver TFT 502 increases. There is a possibility that the
vol tage between the gate and the source of the driver TFI'502 will cause
di spersion to devel op between pixels due to dispersion in EL el enents 504.
It is therefore preferable to use a p-channel TFT as the 5 driver TFT 502
here. In order to nmake the EL el enent 504 emt |ight when reference nuneral
505 denotes the cathode, and reference nuneral 506 denotes the anode in
the EL el enent 504, it is necessary to inpart an electric potenti al

differ etween bqgth the el ectrode In th V505 < V506 is

sat sfoBZﬁ B SPGopt ALY 60 dones P K piap e G SRR I pBR R oh S SPoF ¢ i s
an 10 chann TFI F, and normal |y apply vol t age between the el ectrodes of

t he Elf’ csfratie f thgglgivey REL 52 Morqases- pdist is aipossiplivddat the vakiagshesveandhe r ode
of the driver TFT 502 |s_suff|C|entIY greater than V505 by at |east the
anountgatsfanditbe sowreseidhel duwerdd 10503 wil qeruve digpersipn to deviekerr katween pigels due
necessary to expand the anplitude of the signal witten in fromthe source
si gnalto |dispersimm m EL atagengmdiht It @nthetedorotpreficrablknid, usecta pshaeekbIFdras ther t he
electric potential applied to the gate 15 el ectrode of the driver TFT 502
besmadeiveeSBT 5D2hedo05 by at | east the anpbunt of the threshold val ue of
the TFT 502 in order to turn on the driver TF17 502 with certainty if it is

a p-channel 1 Tkder 8 ehalk® EH@é]L ¥1e?d&ﬂi S04 &hft @%ﬁt Qﬁé%@&eﬁé&%ﬂ&ﬂ@(ﬁdﬁﬁo&g the
EL el ement 504. That is, the anplitude of the signal witten in fromthe

sourc I | i.e D f a
- chanso PR e T Bhes uREREROE Honbls 1B aBU, 1PUR BISRBACHERAR 59
505 is the ¢ thode d t.he . e 506 .is th no in th el ement
Soa. BFEREY 1 BREH eoRerud eefatE ARbERe Bl \wi%?betfﬂ ctipaet SR e our ce.
of the drlver TFT, 502, and the electrlc potentlal of .the cathode of the EL
el ementses 't Vios ipatistipd e tlaromdereto i gadhe dyiven iREY02Tyith rcsptainhe g ivar TFT
502 in this case. Next, the relationship between the direction of |ight
e s sinothanpeltHEL, pod ammmallwfpptyh@h@gd bétwsen Gl elaopdesnf théELRElene¢rs $8htths04
structure is discussed. Fig. 8Ais a schematic cross
electric potential applied to the gate electrode of the driver TFT 502 is sufficiently greater
than V5§5 by at least the amount of the threshold valué of the TFT 502. It is therefore not
necessary to expand the amplitude of the signal written in from the source signal line be a
large amount. On the other hand, it is necessary for the electric potential applied to the gate
15 eléctrode of the driver TFT 502 be made less than Vsgs by at least the amount of the threshold
value of the TFT 502 in order to turn on the driver TFT 502 with certainty if it is a p-channel
TFT and normally apply voltage between the electrodes of the EL element 504. That is, the
amplitude of the signal written in from the source signal line must be expanded. It is thus
preferable to use an n-channel TFT for the driver TET 502 for cases in which the electrode
20 505 is the cathode, and the electrode 506 is the anode in the EL element 504,
Further, when considering the voltage between the gate and the source of the driver
TFT 502, and the electric potential of the cathode of the EL element, it is also preferable to

use a p-channel TFT for the driver TEFT 502 in this case.

Next, the relationship between the direction of light emission to the polarity of the
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sectional diagramof the structure of the EL el enent 504 when the driver
TFf -502 is an n-channel TFL and Fig. 8B is a schenmatic cross sectional

di agram of the structure of the EL elenent 504 when the driver TFT 502 is
a p-channel TFT. 5 It is preferable to use a netallic material in the

cat hode of the EL el enent 504 because the ability to inject electrons into
alight emtting layer is desired. The el ectrode that uses a transparent

el ectrode is therefore nornally t he anode. The driver TFT in Fig. 8Ais

t heref.are el TF a_current supply line_is connected.to the
sourcéﬂr%fg‘ra‘g‘agﬁf fﬂﬂ’ grﬂﬂ*r HHULR & dingisseth hdd Sé¥ Sthichemalis egght 504

is connected to the draln region of the 10 driver TFT 502. Consequently,

| i ght S¢féieaeladiagrapy of He stughure «fithe iflg clempeat 504 véent the dirivendifd’ 5@his an
transparent el ectrode anode side, and therefore the direction of |ight

em sshahangel dfJosad Eig. 8B ia asohetatit @ossnseotioreh dtageand B thesstfuorunedf (adileaf t er
referred to as a TFT substrate), as shown in the figure. On the other

~hand, elemeht §04 ®Beif the dgivevEFT 567 issDp-channel PFThannel TFT. The current 15
supply line is connected to the source region of the driver TF-r 502, and

the anode oft {shsrefekabl®!t6BAta RBAIS nEQHALGH QKL mhbérheo@lrt@ EU S18ieh 964 t he
driver TFT 502. Consequently, light generated by the light emtting | ayer

s emited e nﬁ,{&rﬁ r fifie e, e the
di rect{:on o#h i éscs?lggtp(?{ssqﬁ&) %'%{?ﬂ 13Id}g §s ra @g%é CltFFIA)H‘%I(r%Et he
figure, 20 The [ i rect hown, in a% dto as
upper UG Y %%Spargﬂf% 8?%?296 ﬁgerf’ E fl? ye 2804, Jrhrgiﬁ"eéﬁj@m} & Ii? g. 8B
is referred to as | ower_surface em sSjon here. The region occupi ed by the
el emeHheEetere: ik prrhanngl (HF 3 ustenp syRRLY HinE s (coRisstsd tOtth@ Spygh sl of i thn _
surface area in the lower surface em ssion case. On the other hand, in the
upper dguer BER S@2rrsk thersathade of tiedH clemenbieisconnsctad toithrdrain reglomtafohe t o t he
regi on occupied by 7 the elenments structuring the pixel portion, and this
i 30 usdfivér THI 50Z.r eGsnsagudnitly, Bgie reboereted diyi the light emitting layer is emitted toward
the transparent electrode anode side, and therefore the direction of light emission is opposite
to a substrate on which the TFT is formed (hereafter referred to as a TFT substrate), as shown
in the figure.
On the other hand, in Fig. 8B the driver TFT 502 is a p-channel TFT. The current
15 supply line is connected to the source region of the driver TFT 502, and the anode of the EL
element 504 is connected to the drain region of the driver TFT 502. Consequently, light
generated by the light emitting layer is emitted toward the transparent electrode anode side,
and therefore the direction of light emission is toward the TFT substrate, as shown in the
figure.
20 The light emission direction shown in Fig. 8A is referred to as upper surface
emission, and the light emission direction shown in Fig. 8B is referred to as lower surface
emission here. The region occupied by the elements structuring the pixel portion influences

‘the light emission surface area in the lower surface emission case. On the other hand, in the

upper surface emission case, light can be extracted with no relation to the region occupied by
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However, it is necessary to formthe anode using the transparent el ectrode
after EL layer formation with process considerations when manufacturing an
upper surface em ssion structure light emtting device, as shown in Fig.
8A. Dammge is easily inparted to the EL 5 | ayer by this process, and this
type of process is difficult to be done at present. The | ower surface

em ssion structure shown in Fig. 8B is therefore generally enployed. A

met hod of driving a light emtting device is explained next. An anal og
gradat,jon, et hod and.a digi.tal gradation nethod .can be.giyen as exanples
o e hE QTP G it mflciaand s FovgHan PR A PR adERCe,  The
-10 anal og gradation nmethod is one in which electric current flowng in EL
el enefi@VEncibit meFesedyita oA dhe 2Bgdasing the trausparesh clesirpdn giter EfHerass,

and gradations are obtained. However, mnute dispersions in the

char adpapati ¢gthofprawess consideratiedsn gvhen pimeedfagioring om raper auifznegemissiohl uence
on dispersions in EL brightness. Nanely, if there is dispersion in the

char actraciuse liglst ohittidpedeiico;as shiéwn 10 Fjg. td8ren Dodeagenio wasilyofmelredtto itihe BUr r ent
fl owm ng between a 15 source and a drain of different driver TFEs w ||

di 5f erlayeeugnthisf prob&s saiethed 8t lof praebeitdiflcuitIo beddaE LEPrdséntdatrBe Rhe&t r odes
of the driver -fs. In other words, dispersion in brightness devel ops due

to theudhtd §hRSbn BN Bbwalif &4, 88 1§ W &Ble g]e&.gemggnfgiba&a? EL el ements. The
| 1 spersi on

digital gradation nmethod is a nethod in whic In the

characteristigs of ?é#&igéﬁggﬁtc%ﬁ}é‘%&b%iiszn%‘l’;%‘h‘gedm x«gl s does not easily

i nfl uence i mage qua nts diVen by using only two
states, an op state %a state i %/ni h ':FE&? ri 1E%ness i.s near 100%, and an
of f state (ﬁ%t%?@gi AR etk rai“ah‘t‘ 1 it fPegwyl chde pECnisS can
be said that the digital gradation method is a driving nmethod in which
di spereXemRiesoft methods ghtaxpecssig My madaiignsnesing aj lighdjentifting devies. pdhe
di stingui shed even if there are dispersions in the anount of electric
cufr ernalolg@midugob enatbarhistdme is sdniahecleride tiveernd fl@ivingin Eh eledrentsals clhifdleds
However, only two gradations can be displayed with the digital gradation
met hodniam analog manner, thus controlling brightness, and gradations are obtained. However,
minute dispersions in the characteristics of TFIS structuring a pixel portion have a large
influence on dispersions in EI. brightness. Namely, if there is dispersion in the
characteristics of the driver TFT 102, then the amount of electric current flowing between a
15  source and a drain of different driver TFTs will differ, even if the same electric potential is
imparted to gate electrodes of the driver TFTs.  In other words, dispersion in brightness
develops due to the different amount of electric current flowing in the EL elements.
The digital gradation method is a method in which dispersion in the characteristics of
the elements structuring the pixels does not easily influence image quality. The EL elements
20  are driven by using only two states, an on state (a state in which the brightness is near 100%),
and an off state (a state in which the brightness is nearly 0%). That is, it can be said that the
digital gradation method is a driving method in which dispersion in the brightness of the EL

elements is difficult to be distinguished even if there are dispersions in the amount of electric

current flowing between the source and the drain of the driver TFTs.
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this state, -and a plurality of techniques for achieving nmany gradations by
conbining the digital gradation nethod with another nethod have been
proposed. One nethod that can be given for achieving nultiple gradations is
a conbination of 5 the digital gradation method with a tine gradation

met hod. The termtinme gradati on nethod denotes a nethod in which gradation
expression is perforned by controlling the anount of tinme during which the
EL elements emt light. Specifically, one frame period-is divided into a
plurality ofsubfr eriods.of different |lengths. G adatjans are .
expressed by ST &EOn gpw?/\ﬁ@gﬂtéqnsocﬁnr%t(f’?pﬁaé’ et Wi @ﬁé]rlﬁ‘??gfﬁdﬁﬁ?‘? fsthegddni ng
each S@jﬁ:‘rarrewﬁﬁ%iﬁd, ,thu? using the 1Q difference in length of tine for
i ght U84 ¥dpo tplpligh et £ g fpoachiciias mank oFradations dyeeombiningphnese
Pat ent Application Laid-open No. 2001-5426 is discussed here as one nethod
of cofigik giprdetien aictiod ayithynadharinwriherbhdvedeon popeded. ti me  gradati on net hod.
A case of 3-bit gradation expression is explained here as an exanple. Refer
to Figs. 9AQ0m @&hod et fcnaire giveadoe achicviag thultiple igsydhdynsdie v @athisisioh s 15
liquid crystal displays and EL displays is nornmally on the order of 60 Hz. .

That itks dightale@adatidhanéthgd wsthpeihe pradionmeiRdor §RE @i fifle bi@BgoPRkHmsgcoNd,
as showmn in Fig. 9A. It is thus possible to performdisplay such that the

h . i N I 1 . e
uMan dei&tes 998etRed i WREH El@&ﬁ%o%céﬁﬁ&sfoln' i€ iEa%ffc:)m]ferd %%ﬂﬁ)iﬁ tHY 5&1{9@1‘60@% e

screen drawing one time isS referred to as one frame period here.

perio‘nile'sd,g.'i \{g [ L Y;o8f %%L@ﬁg ' [ Lhe gradation
20 met hod |n£c g@%ﬁ ﬁLﬁ geg%érégsgém%gﬂgg{]t p s fggénbglg’f%&)-e gﬁgﬁg %(‘)rl.degélg‘f- 5426.
"The nunfer ..of -divisions. t.hj. ojnt is equal .to the nunber. of gradation
o1t 5. EPD) b PPl ool ol frBRl el “PHiiih e Sxibreary iiiBae. s171
to SM here because a 3-bit gzr adation is used. In addition, each subframe
peri odVieHer 45 BQldtheBL elgments gmih dghbduring sach subftaseaperiod| thghusiag §&i on)
period Ts. The, address (witing) periods are periods for witing a digital
910§ reléféerenqgrin lletgth of thng e0rdighs prisswatwishinpnafrempeeiiodl has equal |ength. The
sustain periods are
‘The method disclosed in Japanese Patent Application Laid-open No. 2001-5426 is
discussed here as one method of combining the digital gradation method with the time
gradation method. A case of 3-bit gradation expression is explained here as an exémple.
Refer to Figs. 9A to 9C. The frame frequency used in display devices such as
15  liquid crystal displays and EL displays is normally on the order of 60 Hz. That is, screen
drawing is performed on the order of 60 times per second, as shown in Fig. 9A. It is thus
possible to perform display such that the human eye does not experience screen flicker. A
period for performing screen drawing one time is referred to as one frame period here.
One frame period is divided into a plurality of subframe periods in a time gradation
20 method disclosed in Japanese Patent Application Laid-open No. 2001-5426. The number of
divisions at this point is equal to the number of gradation bits. Namely, one frame period is
divided into three subframe periods SF1 to SF3 here because a 3-bit gradation is used.

In addition, each subframe period has an address (writing) period Tz and a sustain

(light emission) period Ts. The address (writing) periods are periods for writing a digital
9




periods during which the, EL elenents emt |ight based on the digital inmge
signal witten into the pixels during the address (witing) periods.
Sustain (light em ssion) periods Tl to T3 have a length ratio that
satisfies Tsl : Ts2 : T:s3 =4 : 2 : 1. That is, for n-bit gradation 5
expression, n sustain (light em ssion) periods have a length ratio of 2'-
2n-2: ... . 2" : 2. The length of the period for each pixel to emt
light during one frane period is determ ned by the specific sustain (light

em ssi.on eri.ad duri.n i gh e EL el nt emts light. G adation

xpr o4 SR Bt PHEUD Dol e b e meriof B ablyhgin 19 5o RECeh e ng
state or. non-light emtting state for the sustain (light em ssion)

per | od’§“?‘% dginggwhich the BL clymentsgayt hght baped on the digial ireaggtsienet writien inge al
light em ssion tinme, 8 gradations having brightnesses of 0% 14% 28%
43% Stropixpisedurggodic addressO(4town pbdodsx pSestsiadlighhembssioghperists Tsg t87%3 i f
there is light em ssion during Tsl and no light em ssion during Ts2 and
Ts3, dade wHichghtrado thutisghisfieasEs1i STP1%s3 Rght 2enilssiThat octoirsbidwiidagods! and
T:s3 but not during Ts2. To obtain a 71% brightness by an anal og gradati on

et hodxpedion,al s.i;sfeai@$n§mrm@sibu) pEriodd havey alikRge rdi 6pTespohdi ngplt 007 1%
bri ghtness, and the 71% bri ghtness is mai ntained over the entire one frane

per i odhe Width bhtheldePBd 96308k hARI {Haérﬁlft)g tjtﬁ)fﬁl e £l ﬁ%ﬁﬁ i S
expressed 6£h eni#{ing Iightbat 100% ng tnésgefgr nl'y f%&?gﬁhbﬁgbtntire :
l'i ght .55 tod.. jopn s explained.in . detail Continue tp refer
to Fi é@éﬂsgi‘jlﬁg Sglgalnagh%\%?gﬁlg%foﬁ?&emg furjag, ghich, he ?@vl £l e’f‘?ikljs Lturns
on wh selectian pulse is input to a gate signal 20 line, Adigital -
Pmage CPGHER REresHBRES hix Perfgiia SbAEEVETdsnaY tilee g ebiersetc po _
whet her the driver TFr 352 turns on or off is performed in accordance with
the eM@Btight cwiiipgstate fogr the pastaim dighbpmissiegy pefiedsalls] tonTeddisi FigodB, enéctri ¢
charge corresponding to the digital imge signal is stored in the storage
cadPaciutibringshe lepgtnof thetthial HghtvemisSiom time3 8 Zradatioss baviag btighmesses of P%yol t age
. is not applied between the anode (cathode) 355 and the cat hode (anode) 356,
and t Hdtef28fe 480t 519ht 71%, 86%, end 108%.cabite aipedssatet Mo Briphiess & STRaT
el ectric potential of the cathode (anode)
there is light emission during Ts1 and no light emission during Ts2 and Ts3, and while the
brightness is 71%, light emission occurs during Ts1 and Ts3 but not during Ts2. To obtain a
71% brightness by an analog gradation method, control is performed by using a voltage
15  corresponding to 71% brightness, and the 71% brightness is maintained over the entire one
frame period. With the time gradation method, however, the same gradation is expressed by
emitting light at 100% brightness for only 71% of the entire light emission period.
Operation is explained in detail. Continue to refer to Figs. 9A to 9C, as well as Fig.
3B. First, the switching TFT 351 turns on when a selection pulse is input to a gate signal
20 lime. A digital image signal is input next from a source signal line, and control for whether
the driver TFT 352 turns on or off is performed in accordance with the electric potential of the
digital image signal. In addition, electric charge corresponding to the digital image signal is

. stored in the storage capacitor 353. Even if the driver TFT 352 turns on at this point, voltage

is not applied between the anode (cathode) 355 and the cathode (anode) 356, and therefore
10




356 equal to the electric potential of the anode (cathode) 35S, nanely to
the electric potential of a current supply line (current). The cat hode
(anode) 356 is nornmally common across all pixels, and therefore this
operation is perfornmed sinultaneously for all pixels. 5 At the point where
witing operations are finished froma first rowuntil a final row, the
address (witing) period is conplete, and all of the pixels nove
sinmultaneously into the sustain (Iight enission) period Voltage is

ol SRUEF 4R 9“%%5 DR IRHHR B&O PP ufeteds %fag?tﬁ 'T:Sfﬁ?é AP oo,
10 Ong, f
B R B S S G 9 e e T At o

di splay gradations with this nethod, the nunber of subframe periods may be
i ncr ed$@dcucrgt synphy ling (quarenf)ot The wathedn aede)atSp is sormally conmpn aswspalli ods
to appear in order fromthe uppernost bit to the | owernost bit as shown in
Fi gs. pdBlandd ¢Crefardhishopesutibf isprefqrmed otisultrayousty far pdpgets. r andon y wi t hin
the frame period. 15 In addition, the order may al so be changed w thin each
frame peri odst thbipsint whercokritiig vpdrgtiomeirh Gidished rofes Figd rbw vasil difingl gy, peri od
separated driving (DPS driving). A lowered duty ratio (the period for

per f ongd A@r8dsa@Atin2) peiisd Lsaaompietewamp Bl o @he Spixéﬁlrﬁmﬁzr@lﬁluhh%hslygﬁio thkane
period) can be given as one problemw th DPS driving. The dr ess

{her of Ef%md o SR 389??02%‘%’%%? i Rt fquhl%w% SR
o gntrsede gl %Lf*fi@?@&iﬁ bR 47 o RSl Pl Frotror b S B e

connected to a nunber in row gate signal line, witing of a digital imge "
S|gnaF“Fﬁe "he pixels is performed in a period 902 during which a gate
signal line is selected, as shown in Fig. 9D, and light is emtted in a

su8tain (fi§he feame perind is Strugteraddy wotprming the afasermeqtionicd iopgptipns ovsdalls t he
total of periods denoted by reference
- of the subframe periods. To increase the number of display gradations with this method, the

number of subframe periods may be increased. Further, it is not always necessary for the

‘ subframe periods to appear in order from the uppermost bit to the lowermost bit as shown in

Figs. 9B and 9C, and the subframe periods may be arranged randomly within fhc frame period.

15  In addition, the order may also be changed within each frame period. This type of driving
method is referred to as display period separated driving (DPS driving).

A lowered duty ratio (the period for performing gradation display, in which the
pixels emit light, per frame period) can be given as one problem with DPS driving. The
address (writing) period and the sustain (light emission) period are separated, and therefore

20  periods exist within one frame period during which light is not emitted under any conditions.
As a result, an overall drop in brightness can be perceived.

In a certain subframe period for pixels connected to a number m row gate signal line,

writing of a digital image signal to the pixels is performed in a period 902 during which a gate

signal line is selected, as shown in Fig. 9D, and light is emitted in a sustain (light emission)
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nuneral s 901, 902, and 903 here. Reference nuneral 901 denotes a period for
performng witing of a digital inage signal to the nunber | to the nunber
(m1) row, while reference nuneral 903 denotes a period for performng
witing of the digital inmage signal to the nunber 5 (mtl) rowto the fina
row. In other words, for the pixels connected to the nunber mrow gate
signal line, the periods denoted by reference nunerals 901 and 903 in the
address (writing) period becone periods during which both witing and

| i ght 1 8% f- d oML NG ' A

(:ng [ tP%g dsgggino%élea‘?%%?so?‘%eﬁéggr)nng% %(ﬂ%g?g'% Itl%tals Stfplre ﬁgr%s %gllr’(:)tg'gsshy éﬁdé{eﬁ%ezr efore
10 the add iti [ I [ j f ti I I
soughumrits 80k U5 end" S R 7 BiecBort neREr R0 leaeif 8 sHORER PRI Hor | ods.

and this invites a further reduction in the duty ratio. A nethod for

sol vi Weitinged e digaksinggee signal Enthei mumghoy dntoribe auntpp; @ndd resdwhie seferepge  whi ch
there is no separation between the address (witing) periods and the

sust ahwmgial B denBesenpesiiddnl pgrérrinanis writing shtwdigital Enage sdghal tnidhe Inugiber

em ssion begins imrediately after witing of a digital inage signal to

pi xel gnednwec tethetfinah roer t Bl sthéowogi) forshgpiaklsldongectesl wahp nai®der h@w pi xel s

connected to the nunber mrow gate signal |line can be made to emt [|ight
al so giteidighal 1hR, RBS ;p@&%sf Qénol&T H9rBTddehcd! duntdRfls W01t &Rl J0Piih ahe iJBASs Si gnal
to the pixels connected to gate signal lines other than the nunber mrow

gate gj.9f 4 i dGks i Yolgel of the.
reduc?%oﬁ )nbfﬁ§i3%§$§$gﬁpgafaﬁhg%‘%@%%ggﬂhﬁ?ﬁf ?Q?%§§E§?h§¥@§e§%?@&0ther

problegirgﬁ%elo d“hkﬁﬂthhscﬁeégfd when considering the increase in the '
nunbel'ot graﬁ% F'ons. %%%é? P and 1013 are exanples of dividing one frane

LR Vo TR T T L o S
| ?(S: r ef?h?eeadtipes; ?weritqulj.ggb p%iiogg a_lgcl) \iliiciflzagfr:] ?f n?;nyt ghrgdastilg}gflfr;vaerl?are sought. There is also
an increase In the aforementioned "waiting" periods, and this invites a further reduction in the
duty ratio.
A method for solving these types of problems is given here. This method is one in
which there is no separation between the address (writing) periods and the sustain (light
15 emission) periods, as shown in Fig. 9E, and light emission begins immediately after writing of
a digital image signal to pixels connected to a certain row gate signal line is complete. The
pixels connected to the number m row gate signal line can be made to emit light also during
the periods for performing writing of the digital image signal to the pixels connected to gate
signal lines other than the number m row gate signal line, as shown in Fig. 9F, and therefore
20 the problem of the reduction in the duty ratio can be solved with this method.
However, other problems develop with this method when considering the increase in
the number of gradations.

Figs. 10A and 10B are examples of dividing one frame period for a case of

expressing 5-bit gradations by the above-mentioned DPS driving. The address (writing)
12




periods, and the sustain periods are shorter conpared to the 3-bit
gradation case. It thus can be understood that the duty ratio is | ower
conpared to the 3-bit gradation case. On the other hand, as shown in Fig.
10C, cases in which the duty ratio reduction is prevented by driving in 5
accordance with a nethod in which the address (witing) periods and the
sustain (light emssion) periods are not separated are considered. The

|l ength rati o between sustain periods Tsl to T5 of the respective subfrane
periods is Tsl : T2 : Ts3,: T4 : TsS =2 4 :Hég 2 L. 2" 2~= . 8. 4.
2: 1. PrEedsyingrgass gecompanied yyjth (e jactsseriprths apmBesghfiyisiogeof the sUime seen
that the 10 sustain (light em ssion) period is |onger than the address
(wri t pegddspend the sustaBABriope pieshiortereomplarasHotthee 3Ridradatioppse: | AGupern ods of
di fferent subframe periods overlap therefore develop for cases of driving
i N acoeudanseodittian the dlity vitingis betvdradmiparedtio ¢ie 3-be peadaomoasge pOndhé other

bet ween the address (witing) period and the sustain (light em ssion)

per i ogandBak ehewiMid Fighg0C] @sédia wihitiatherdavy iasioGedetion & provésital byndfivigg id 0C,
the sustain (light em ssion) period of the 15 nunber 1 row has finished,

ang t Be-fgatice Writh | el Iﬁ; i@ hel m&éﬁ%rwgﬁ)eribbﬁ afl@ltBe fshﬁ_ﬂiﬁ' (light nes of

two different rows are selected at the sane tine, and normal signal witing
cannot Egﬁ rf. . g' | gﬁﬁ. h ' L98b Ndsdihdidgs been
o oposHSiar) P SSEEE nplhelR R PR R IR e beRas Pl
this e of blem The displ ay .devi . shown.i.n Fi.q. ,4As senearly the
sare L fnde Pl s me b cubRBR At HhEUR 384 0% IR G S G 2 R ence
betweep the two is that the display device of Fig. 4A has a witing gate
si gnal? Filfe 8:dri%el circuit 403 and an erasure gate signal line driver
circuit 404 on the left and right of a pixel portion 401. The circuit
structure ofReferetopFigell0Bdanmbiams iy reéfrencenesentmlidfoal 4 cen ba scee thatsheay 13
device of Fig. 4A, is shown in Fig. 4B. This structure differs fromthe
pigel sadtalight driigsion) period is longer than the address (writing) period in SFS.  Periods in
which the address (writing) periods of different subframe periods overlap therefore develop
for cases of driving in accordance with a driving method in which there is no separation
between the address (writing) period and the sustain (light emission) period. Before writing
to the final row is complete in SF5 in Fig. 10C, the sustain (light emission) period of the
15 number 1 row has finished, and the next writing has started. In other words, the gate signal
lines of two different rows are selected at the same time, and normal signal writing cannot be
performed.
A display device shown in Figs. 4A and 4B has been proposed in Japanese Patent
Application No. 2000-86968 in order to solve this type of problem. The display device
20  shown in Fig. 4A is nearly the same as the display device shown previously in Fig. 3A. The
difference between the two is that the display device of Fig. 4A has a writing gate signal line
driver circuit 403 and an erasure gate signal line driver circuit 404 on the left and right of a

pixel portion 401.

The circuit structure of one pixel, denoted by reference numeral 410 in the display
13




3B in that it has an erasure gate signal |line and an erasure TFT 457. The
af orenenti oned problemin that different address (witing) period overlap
is solved by using this type of display device. 5 An explanation is given
. regarding its operation. Refer to Fig. 4B and to Figs. 10A to 10D for the

explanation. First, a witing gate signal line is selected, and a sw tching
TFr 451 turns on. A digital imge signal is -then input froma source
signal line, a driver TFT 452 is controlled to turn on or off by the

el ectric potential .of the input_signal, and in addition,, electric

char géeies pleEigotdh igshosm indiEntit  Thigskpcinre diffgrediem ghepize ?r’}‘éi’ﬁ’é‘ 1Bap&ci t or
453. 10 Rows to which witing of the digital image signal is conplete then
‘nove BBrediabitdiay an orastre gateusgral hng pndpm crasire SFEHP7peri od. As shown in Figs.
-10C and 10D, an erasure period (Tr5) is formed after conpletion of the
sustain (|i @ht afwressntdoged pEoblodh frothas ulifferanteadalress qesitingy ipegod lngetlgr isust ai n
(light em ssion) periods than address (witing) periods. This is done so

that tdieedexiisiagtHiespe bBdiRplay ddvidees not begin imedi ately after the
sustain (light em ssion) period. An EL elenment 454 does not emt |ight

duging the %aé‘g[a%aﬁéﬁ isoﬁrenrfé%aﬁﬁ%sftg @;:&ﬁh&%&ﬁﬂ&@%@ EPY¥nd REFigg aloact i on

of the erasure gate signa Ine, releasing the electric charge stored in

the sto i 453, e Li; IRGRhRS T
cur o L o 8 CRpLablorsy Frsh BpfelyShRe MR (il by IRREARETE
st ops itting light. 20 The.lepngth of the erasure peri ‘dat hi s i nt
becondel PHE Plngaiigmees GiEnihd et iput dorh vorg pper 15 & SV A mper
1 rowis conplete until the_address (witing eriod for the final rowis
conpl 482is ogmtrelled to wrmemer e dydheclertis P&Ef’rwlézféf]dh%yll’flbﬂﬁ‘i‘ﬂgafkdﬂé Wdore
period to increase the duty ratio, and by preventing incorrect overlap of
t he adulrebssriq whirge mg)regrandiogsto tha iopwit sigeal 13 stared tiha $PSZArdapaigr 458i s type
of driving method is referred to as sinultaneous erasing scan
10  Rows to which writing of the digital image signal is complete then move immediately to the
sustain (light emission) period.
As shown in Figs. 10C and 10D, an erasure period (T15) is formed after completion
of the sustain (light emission) period for subframe periods having shorter sustain (light
emission) periods than address (writing) periods. This is done so that the next address
15 period does not begin immediately after the sustain (light emission) period. An EL element
454 does not emit light during the erasure period. The erasure TEFT 457 turns on by the
selection of the erasure gate signal line, releasing the electric charge stored in the storage
capacitor 453, in the erasure period (TrS). The electric current flowing in the driver TFT 452
thus stops, and the EL element 454 stops emitting light.
20 The length of the erasure period at this point becomes the length from aiter the
address (writing) period for the number 1 row is complete until the address (writing) period
for the final row is complete.

Multiple gradations are thus achieved by forming the erasure period to increase the

duty ratio, and by preventing incorrect overlap of the address (writing) periods. In contrast
| 14




driving (SES driving). Strictly speaking, the SES driving includes the
meaning that witing and erasure are perforned in parallel. In contrast to
the DPS driving in which the address (witing) period 5 and the sustain
(tight emi ssion) period are separated, driving nmethods having no such
separation are referred to as SES driving. Cases in which there is no .
specific erasure period are thus also included in the SES driving nethods,

as showw the IBP§<lriviig, ailg tRfc of &f@inkadthéd @t re[’@%fbﬁftﬁ%w‘rhﬂgarﬁb@é: e g
conpl ex for display devices manufactured by formng TFEs on an insul ator

|nV|tesdﬁwm_ dues uavin f t hroughput and an increase in cost. 10 The nain
chal | enge |n r educi ng cost is therefore that process is sinplified as much

as possible. ty ortlo periphe iver,circuits
(such as a sourfCE‘?st’éﬂAﬂ% PSS 4Bl ngfhBlime el whling ey S ars
circuit FTs of the s onductivjty type is thus
consi de% égxmfﬁ g’ﬁ'éaﬂﬁe'/ -rr{ﬁ %V?%é‘ééh%gggrfﬁlw&a whigh dhe addrgys; (Feiing) petied s
are once g{;u n considered, 15 Refer again to Figs. 5A and 5B. Fig. SA
shows t & Sesiainelight smission)| perit ap separgserh t duving metliods deviegend such
expressi on of- connections anong the switching TFr 501, the driver TFF 502

and t heseparaéippaenielf@ed tb s SESwhriving.Fi GaseS B whichttheae dr ho/ sieciifd era®@@ peSod

p- channel TFT~ then as di scussed above, it is preferable that the

el ect r odte tiiB5Iwf intldedSn the SEEWkivi: fbhoad) asShova w Hi @Etdﬁagaﬂ ectrode 506 is
the cathode. 20 The polarity of the switching TFF is considered with -

respect to-t Ehekehht MaRifaétifnd biote
whi ch the driver TFT 50% Ig a %gghanisgg-gfl@ﬁ%%lﬂﬂ ggh l ewéc gﬁgaléérc?ver

TFf 50 l.u sour ce vol t
Vosz oY Rt TEE: o} " Bhyhlf iAARS LR BlodeGye PR
thr sh t of .the driver F That is, L | evel of the

o af’h.%nﬂég i Bifcrte if RSP i is MickeBi e PGS RG4S e 8 posFBlfent
|s ass dtoemt l gt vvhenthﬁ electric potential of the digital inmage
si gnal cturmg a pixel portion and peripheral driver circuits (such as a source signal line driver

circuit and a gate 51gnal driver circuit) 'by using only TFTs of the same conductivity type is

thus considered.

The operating voltages of the pixels and fhe driver circuits are once again considered.
15  Refer again to Figs. 5A and 5B. Fig. SA shows the structure of an EL element pixéi portion,
and a schematic expression of connections among the switching TFT 501, the driver TFT 502
and the EL element 504 is shown iﬁ Fig. 5B.
| If the driver TFT 502 is a p-channel TFT, then as discussed above, it is preferable 7
that the electrode 505 of the EL element is the anode, and that the electrode 506 is the cathode.
20 The polarity of the switching TFT 501 is considered with respect to the polarity of the driver
TFT 502 here. First, for cases in which the driver TFT 502 is a p-channel TFT, the condition
for thé dr'u_rer TET 502 to turn on is that the absolute; value of the gate-source Vsltagc Vgsz of
the driver TFI‘ 502 is greater than the absolute value of the threshold voltage of the driver

TFT 502. That is, the L level of the digital image signal input from the source signal line
15




is L level here) is lower than the electric potential of the source region
of the driver TFF 502 by nore than the threshold value. If the~ switching
TFr 50 1 and the driver T FF 502 have the same polarity at-this point, 5
nanely if they are both p-channel type, then the condition for the

Swi t chi ng TFF 501 to turn on is that the absolute value of the gate-source
vol t age of the switching TFF 501 is greater than the absol.ute. val ue
of the (fll“Fr Rlsmeny 15 assgaedhio armielighti wieni thg efeetric poentialdtthe digitaltinmge sipauiel  of
a pul se that places the gate signal line in a selected state (the gate

si gnal i inlevéldiere)tia keverabarbthicretpcinic potsitiab of 6 hirkeepibe of the BHeL TFY jopoUt

to the gate signal l|ine because the 10 switching TIFT 501 is p-channel type
here) ity thomehard thenhichioléhgiutri ¢ potential of the source region of the

swi tching TFF 501 by nore than the threshold val ue, It is therefore

necessary f qf¢He roBBeT
expanded with ?egﬁgtcé?tto thgﬁ?{:/%& étlllggiéﬁ){tz;rrrp 'Ejg%iégvoe?th é(ll)}lmg EEP“'M ne.

Thi ol tage f t h river

ci rgur?ﬁ?%ifnggfe hi gher bq%%'%%ﬂﬁf 5 Y6 rtfé) (gthcg'eéo é#%ﬁ%é&v%& ﬁ}f 5gl‘\é0 turn

SW tChIorﬁgl-S L at ﬁg b h@ driver TIFT 502 ? bot h n-channel TFFs. It

t her ef SreC beXJRES B feoyalie of thy gdie-spuich veltage Voe ofathg gyvitohingn&FT SOETE for -
t he pixe n TI M when considering el ectric power consunption. Fromthe"
above &F"sﬂéfgsté ﬁl © ahseliuytue of thet thrasheldrvellags sfethe pwritching BFEISOhe Trdtisr
circuits by TFTs of the sanme conductivity type in accordance with a
convenlﬂilf‘ohiwchéfh@dlSHlIatad&ﬂeeﬁEsga@c sigohl dine am aiselcttod sawfies gat siphalcassRs, it
also invites an increase in electric power consunption. SUMVARY OF THE - ;
| NVENT ki [as beirgyimod stleeted fstate metiahi 10 Nad] wﬁphﬂassnheagateoggﬁ'&tmﬁf bdch&sePihgsent

invention is to 16 provide a light emtting device in which the nunber of
pr ot es seichifig MFAUS@D idy-chidnsl bpel ge)ds %v‘é@rl thalp Bt él&ﬁn@@gtcﬂﬁblv&r th€'sbiiidkt S by
T FTs of the same conductivity type, and whi ch uction

region of the switching TFT 501 by more than the threshold value. It is therefore necessary
for the voltage amplitude of the gate signal linc side to be expanded with rcspéct to the
-voitage,ampiitude of the source signal line. This means that the operating voltage of the gete
-signal line driver circuit is made higher.

15 Similar circumstances also exist if the switching TFT 501 and the driver TET 502 are
both n-channel TFT5. It therefore becomes preferable to use both n-channel and p-channel
TFT for the pixel portion TFTs when considering electric power consumption. |

~ From the above discussion, although structuring the pixel portion‘and the driver
circuits by TFTs of the same conductivity type in accordance with a conventional method

) - - - . - . - - .
20 achieves a reduction in the number of processes, it also invites an increase in electric power

consumption.

SUMMARY OF THE INVENTION

In view of the aforementioned problems, an object of the present invention. is to
16 ;




el ectric power consunption is achieved by using a novel circuit structure.

In a conventionally structured pixel, it is necessary that signals input to
a gate electrode of a switching TFr, nanmely signals for selecting a gate
signal line, have a |l arger voltage anplitude than signals input to a source

region of the switching TITF, nanely signals output to a source signal
line. A case in which the voltage anplitude of the signal output to the

sour ce 5haagh 1igﬁt%ﬁ1ittin§ rﬁ‘%‘ﬁ%’! whifh &Q%u%%l:%@%&ﬁ&?% %tr%gn by Mﬂnﬁmﬁbgg ﬁilxafs Or 5A

sel ecting the gate si tine I's consi er -“agal n :
and 51 - ' ' in electric potentjal are j.nput from
the so ro(g%éng@&%&&ﬂeffﬁ%ﬁéﬁen ﬁgoefq 9%?{%%‘5&56% ity RS 8¢ g’i‘é’h‘ﬁ ar ‘ﬁ?bi’ff)“‘t o 't he
source eslé rilalo“llei nensi S ﬁ‘g‘:‘lﬁ‘l ﬁo the vol tg%e] ampl i tude of signals for ,‘
sel ectig t he gat &y 3ehigved YIS meRdOZpl UL YrUGBY®nt i al of the gate
el ectrode ofI the driver TFr 502 wll rise to the electric potentidal in

whi ch the el®c FREvegderally strudkurgd pikels dheBFGHFAIN Il Simmls Hwus ip tacBitag TFL
501 is subtracted fromthe electric potential of the signal input fromthe
sobir c&lestgiap! pissdtchinge TE . crppaly: smgrﬁor atlegtingt heatgpignablisct hade: bigarhe
driver TFr 502 will therefore becone an electric potential that is |ower -
t han. vhiagecinplijude thapisignaticinpdt tbesdunpuiegiongfishe dwitdhivgy TADUMMAY sighdls
threshol d value of the switching TFr. In the present invention, a voltage

conpenspiit @ wiuka Signal $iné.or med bet ween the output el ectrode of the
switching TFIF and the gate el ectrode of the driver TFE The voltage

conpensat i O &isé GlivhichQhé 05IARYEHIRud HARE § ﬁremgiéﬁ EdJihbsoé&Q sf%d feqQs Lo
anp y p r

return the voltage anplitude of the signal, assi ng ough t he

. . . . . . . h . _bl f . h . | )
swi t cRiRg J ke v&llﬁrg'&tl:faﬁne@gﬁ(ﬁ@l)f tt%nsﬁéﬁ%l #gr\?\ﬁil%%t]mlgﬁtéé g:\%/’t%ls?ogglhgﬁ% Ict?xi[f rat, P Xe

tp operate nornma nin cas_e _ _ t he
o e e E A RSBy “Cel ot ing the gato signal |ine. It therelore.
beconmes possi.ble to decrease the drjver voltage of the gate signal |ine
driver circ -S:ngnazsrﬂos:ﬁfﬁsgug a certain electric potential are 1nput from the source signal line
when the voltage amplitude of signals output to the solurcc signal line is equal to the voltage
aniplitude- of signals for selecting the gate signal line, then the electric potential of the gate
electrode of the driver TFT 502 will rise to the electric potential in which the cléctric potential
5  of the threshold value of the switching TFT 501 is subtracted from the electric potential of the
signal input from the source rsignal line. The electric potential of the gate electrode of the
driver TET 502 will therefore become an electiic potential that is lower than the voltage
amplitudc of the input signal by the amount of the threshold value of the switching TFT.
In the present invention, a voltage compcnsétion circuit is formed between the output
) electrode of the switching TFT and the gate electrqdc of the driver TFT. The voltage
compensation circuit corresponds to a bootstrap circuit, and functions to return the voltage
amplitude of the signal, damped by passing rthrrough the switching TFT, to its normal

amplitude. It is thus possible for the pixel to operate normally, even in cases in which the

volitage amplitude of the signals output from the source signal line is made equal to the

17
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contributes to reducing the electric power consunption of the display
devi ce. The above-stated problens are solved by structuring the pixel
portion of the display 5 device using pixels having the voltage
conpensation circuit of the present invention, and by structuring the
~driver circuits in the periphery of the pixel portion using TFTs having the
sanme polarity as the TFTs constituting the pixel portion. BRI EF
DESCRI PTI ON OF THE DRAWNGS 10 In the acconpanyi ng drawi ngs: Figs. 1A and

1B are diagra show ng an odi nent de of th resent invention; Figs.
2A andogégegfl@gﬁt“&ﬁr%*‘n@%sﬁﬁm?%qgmawe&%sgﬁmtﬂ el ngpr LURTETRReGOMER:

Figs. 3A and 3B are diagrans showing a structure of a conventional |ight
em tt iDRFFAlS Wedpegaserthgsdrives woltpeapofaihe gptggvianad Wnroddriver sirewit iandufds of a
conventional light emtting device; Figs. 5A and 513 are diagrans for

expl aiconmipupsiste kedpoingitbmeltiis pawdr ¢dnsumpiomof theidisplay devicght enmitti ng

el enment, respectively; 20 Figs. 6A to 6D are di agrans show ng a net hod of
manuf act ur i Mthcaabbighlatediroblemy ardsolv@EbPiric@ing RS pixel porvientot e dikplgg. 7A
to 7C are diagrans showi ng the nethod of manufacturing a light emtting

deyi Celedfce WbMgliRds mvihgv&r%lﬁa@e cbhpensafion einehiSst @E Br eGSR W B Pi xel
portion cross section of light emtting 18 devices for cases of upper

sur f ag&umgn% R AR BRcARdn ML RS i&%ﬂié)rrt?iﬁ @gl}ggpm ﬁat%g&g%lﬁ% 'h?vxséy;

t
Figs. 9Ato 9F are diagranms showng timn I ng
em tt 'p%garf?ye ¥4 (& TFTs constituting the pixel portion.

BRIEF DESCRIPTION OF THE DRAWINGS

10 In the accompanying drawings:
Figs. 1A and 1B are diagrams showing an embodiment mode of the present
invention;
Figs. 2A and 2B are diagrams showing an embodiment of the present invention;
Figs. 3A and 3B are diagrams showing a structure of a conventional light emitting
15  device;
Figs. 4A and 4B are diagrams showing a structure of a conventional light emitting
device;
Figs. 5A and 5B are diagrams for explaining pixel portion TFTs and the operation of
a light emitting element, respectively;
20 Figs. 6A to 6D are diagrams showing a method of manufacturing a light emitting
device of the present invention;
Figs. 7A to 7C are diagrams showing the method of manufacturing a light emitting
device of the present invention;

Figs. 8A and 8B are diagrams showing pixel portion cross section of light emitting
18 '




driving; 5 Figs. 10A to 10D are diagrans showing timng charts relating to
light emtting device driving; Figs. 11A to 11D are di agrans show ng the
el ectric potential of each node at the tine of driving a pixel of a |ight
emtting device of the present invention; Figs. 12A to 12E are di agrans
showi ng the electric potential of each node at the time 10 of driving a

pi xel of a light emtting device of the present invention; Fig. 13 is a
structural diagramof a source signal line driver circuit structuring a
light emtting device of the present invention; Figs. 14A and 14B are

ci r cuidevises Ut weasesdiciguppes skfage dight temisgpstand, 1dvieg. sWiades lightdiengssam,
showing a timng chart relating to shift register driving; 15 Figs. 16A to
16C amespectiwliyst structure diagrans of a buffer; Figs. 17A to 17D are
circuit structure diagrans of a level shifter; Fig. 18 is a circuit
structure diggy 3N &f 9@ aleAdigfrafmk sEo\ing thhBg chirtd RlAingt oUW ealittidh dgvem of a
gate signal Irne driver circuit structuring a light  emtting device of the
presentidigvention; 20 Figs. 20A and 20B are schematic diagrams of an entire
light emtting device of the present invention; Figs. 21A to 21C are

di agranms shqwn I of .general. |atch circuit structures. Fi.gs., 22A
105320 ar o kG R (HORF a ARGl tathe e Rebtin i Tobe erifRs

Iightéﬁgﬁttln device of the present invention; 19 Figs. 23A to 23G are
di agr && HHM&W@ exanpl es of el ectronic equipnent to which the present
invention can be applied; Figs. 24A to 24C are di agrans show ng Cross
sections of Eeddip tgdlP arediagrgpy showing the electric potential of each node at the time

of driving a pixel of a light emitting device of the present invention;
Figs. 12A to 12E are diagrams showing the electric potential of each node at the time
10 of driving a pixel of a light emitting device of the present invention;
Fig. 13 is a structural diagram of a source signal line driver circuit Structuring a light
emitting device of the present invention;
Figs. 14A and 14B are circuit structure diagrams of a shift register;
Fig. 15 1s a diagram showing a timing chart relating to shift register driving;
15 Figs. 16A to 16C are circuit structure diagrams of a bufter;
Figs. 17A to 17D are circuit structure diagrams of a level shifter;
Fig. 18 is a circuit structure diagram of a latch circuit;
Fig. 19 is a structural diagram of a gate signal line driver circuit structuring a light
emitting device of the present invention;
20 - Figs. 20A and 20B are schematic diagrams of an entire light emitting device of the
present invention;
Figs. 21 A to 21C are diagrams showing examples of general latch circuit structures;
Figs. 22A to 22C are diagrams showing an example of a method of manufacturing a

light emitting device of the present invention;
19




met hod of manufacturing thereof; 5 Figs. 25A and 25B are di agrans show ng
an enbodi nent node of the present invention; and Figs. 26A to 26C are

di agranms showi ng an enbodi mrent node of the present invention. 10 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nent Mbde 1 The structure
of a pixel of a voltage conpensation circuit of the present invention is
shown in Figs. A and 1B. As shown in Fig. 1A conponents simlar to
conventional conponents are used for a switching TFT 101, a driver TFT
102, an EL el ement 104, a source 15 signal line (S), a gate signal |ine
(O, and a digt@ad tousi yreldingrape ghoveing examples pf glsttrerric eaeipmspewehich

i nvention has a voltage conpensation circuit 110 between an out put

el ect ribelpresént ilventiemcdrcin appli®&ET 101 and a gate el ectrode of the driver TFT
102. Fig. 1Bis a circuit diagramincluding the structure of the voltage
conpensat i orFigs;izeUid 240 Que Th@raned tlaGEng G REAI0NOHICG dadli datcl TOThasd @ first
TFT 151, a second TFT 152, a 20 third TFT 153, a first capacitor 154, and

a secqpoh6aBAmhhGhcttnrg therddeher, reference synbol  G(m) denotes a gate
o

signal [1ne scanned in a number mrow, and reference synbol G(m 1) denotes

a gate siongligl | A% SANE aBY dhoMIPShokilh th EABLdiMRR, Mdd! of BROBISAN 154
and the second capacltor 185" &1°& arranged~in series. Afirst electrode of
the fi.rst capacjitor 154 is connected to the output electrode of the

swi t cHIFGUPETS0 101, and a second el ectrode of the first capacitor 154 is
connected to _a first electrode of th second capacitor 155. A second

el ect rode ofFlgfhez%éBn@%éﬁ%ﬂ‘?%?miégowggcéﬂrFé’étf(lé’dF“F‘bt mode ofy HieeRECS@pp| .
line. A gate electrode of the first TFT 151 is connected to the gate signal
~ line Gowentipn. an

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment Mode 1
The structure of a pixel of a voltage compensation circuit of the present invention is
shown in Figs. 1A and 1B. As shown in Fig. 1A, components similar to conventional
components are used for a switching TFT 101, a driver TFT 102, an EL element 104, a source
15  signal line (S), a gate signal line (G), and a current supply line (current). The pixel of the
present invention has a voltage compensation circuit 110 between an output electrode of the
switching TFT 101 and a gate electrode of the driver TFT 102.
Fig. 1B‘ is a circuit diagram including the structure of the voltage compensation
circuit 110. The voltage compensation circuit 110 has a first TFT 151, a second TFT 152, a
20  third TFT 153, a first capacitor 154, and a second capacitor 155. Further, reference symbol
G(m) denotes a gate signal line scanned in a number m row, and refereﬁce symbol G(m-1)
denotes a gate signal line scanned by a number (m-1}) row.
The first capacitor 154 and the second capacitor 155 are arranged in series. A first

electrode of the first capacitor 154 is connected to the output electrode of the switching TF1
20




5 input electrode of the first TFT 151 is connected to the gate signal |ine
G m, and an output electrode of the first TFT 151 is connected to the

out put el ectrode of the switching TFT 101. A gate el ectrode of the second
TFT 152 is connected to the gate signal line Gm1), and an input

el ectrode of the second TFT 152 is connected to the gate signal line Gm.
An output electrode of the second TFT 152 is connected to the second

el ectrode of the first 10 capacitor 154, and to the first el ectrode of the
second capacitor 155. A gate electrode of the third TFT 153 is connected to
t he oldpuinda econddecwbde dfethe firgt clapagtof A34 10donnacdd am aifirptutlectodetof dke  of

the third TFT 153 is connected to the electric power source |line. An out put

el ect gadad @hpddier 155.r dA KedontiSdedtfode WINBE basbnt GapAiftos @59 ¢l comleertinodee of t he
first capacitor 154, and to the first el ectrode of the second capacitor

155. ééx&@%%%ﬂ?ﬁheTFTs al | having the same polarity are used here for the
TFTs 101, 1 and 151 to 153 structuring the pixel. The polarity maybe

-ch I I

St o PO SRR ARE RIS SRS R ISR A
d h Th t d t t, t I VSS (L

ool JPbFeCRaEE sl 3 BriorgbiPELS tegmk ﬁeﬁ&ﬁlaﬁém%% oo pbieat (o

select 20 the gate signal line. In addition, as an initial .state, the

el ect Flestrors ofiths Hrst dF1tlRd isernneeted iqythgioutnut glecirasie of {be swikching LFT 101,

potential of the gate signal line (G are both set to VSS, and the

el ectric pofegaté aleciadde dfethe araoed (TRILPY i donmestqdiorthe gaty signabline GevD,
Further, the threshold voltages of the TFTs are all taken as VthN. Figs.
11A t end dDinpat elettradengf thé adcoad fTHFT E52piks abmaetpdt thehopete aignainliief G{rhe cAucui t s
of the present invention shown in 21 Figs. |IA and 113. Fig. 11A shows the °

el ect bhpupeleeibdbf @c skonduIENsE ¥ Ehni@Wdodt e Setdidl elebirdd® 6C(H# i), Fi 0.
11B shows the el ectric potential of the nunmber mrow gate signal line

(gm&paﬁh ﬂl&émﬂféﬁ%\%%{r 6 81 e BRLRRLhACG 13, Sour ce i gnal 11 ne

Fig. 11D e ectric potential of the gate el ectrode of

the dri L ver I{F-g[at% Oe ectro rt“_ghe thlrdp'?ﬁog.’i is connected to the output electrode of the

switching TFT 101, and an input electrode of the third TFT 153 is connected to the electric
power source line. An output electrode of the third TFT 153 is connected to the second
electrode of the first capacitor 154, and to the first electrode of the second capacitor 155.
15 Note that TFTs all having the same polarity are used here for the TFTs 101, 102, and
151 to 153 structuring the pixel. The polarity may be n-channel or p-channel type.
Circuit operation is explained next. An example in which the TFT5s structuring the
pixel are all n-channel TFT5s is used here. The amplitude of input signals is set to VDD (I
level) - VSS (L Ievel) for signals input from the source signal line and for signals that select
20  the gate signal line. In addition, as an initial state, the electric potential of the source signal
line (S) and the electric potential of the gate signal line (G) are both set to VSS, and the
electric potential of the current supply line (current) is set to VDD.
Further, the threshold voltages of the TFTs are all taken as VthN. Figs. 11A to 11D

are timing charts for explaining the operation of the circuits of the present invention shown in
21




5 1101 fromafter the nunber mrow gate signal line (Gm) is selected,
until the nunber mrow gate signal line (Gm) is selected again
.corresponds to a subframe period shown in Fig. 9 A period denoted by
reference numeral 1102 is one horizontal period. Figs. 1A and 1B, and
Figs. 11A to 11D are used in the explanation of the operation. The nunber
(m1l) gate signal line (m1l)) is selected and becones H |level, and 10
witing of a digital inage signal to the nunber (m1) row pixel is
performed. At this point in the nunber mrow of pixels, HIlevel is input
t o t h&igyal A sedd®. r ddgslids sitove the ekttriThpbtebizl afdie nuhzbes(:mdm dowf gdte bighal whi ch
then turn on. Both the electrodes of the first capacitor 154 becone equal
t o t héinel(@Grl)y; Figt 1B ishbwolhd blecthivrpoesntial bOhegAiBba  gN@ly pat@signabtigd y VSS.
At the sane tine, the electric potential of the gate el ectrode of the

dr i veﬁﬂ, i:% 13CSehoRRCABRScctrdO pYiemial [dTea BMIBE kighllt fie (W)Y aﬁe Bgony |ine
1S

(dm en unselected, its electric potential becones | evel , and

the figsts &l leidde Bfénﬁ mg d ra]ﬂ%%fat £ PLaceeriiranrefifer Shatiga The
H ‘h? gl

nunber mrow gate |gna Tine IS se ecte and becorres and
th ng TET 101 turns on el ectric. pot 8,SQur ce

i Gnarly fih (%ffﬁ? ° g mf%g% SRRt el Fiselsfi o Mo ‘8}15’1“’ |
input to the Qtr f the driver TFT 102, whjch |s t.ur on. The
di gi t &M Sh%jeg gﬁﬁv Ditg sel P%me&a@?syopﬁhsp@taf i Rygtod showayip i %7t he

third TFT 153, which turns on. At the point where the electric potentials
of t hé pexiad deneted bydeterasice mumernl 1102 isTe hpoizontahperiode Figsr $APRT 1Bsandecome
(VDD - VthN), the voltage between the gate and the source of 22 the

- swi t cligsgl A To 101 alvasedisthe guplandtintdiehd dpeestioml d vol t age Vt hN, and t he
switching TFT 101 is placed in an off state as a result. The gate

el ectrode Offht hendbet vieir1) Tdale $H@galatnet ((F@n-1)aik @cRbRalah@dRcohed FRlcvEl held TFT
153 are therefore tenporarily placed in a floating state. On the other

hagd, ﬁrﬁﬁlg%f%cﬁiﬁltﬁ RREERIGNA to%the LRRLOMERYY r&F §5tel FdFerfd:HRAOT AL iGs hhint d TFT
‘in the number m row ef pixels, H level is input fo the gate electrodes of the first TFT 151 and
the Secon(‘;l TFT 152, which then turn on. Both the electrodes of the first capacitor 154
become equal to the electric potential of the number m row gate signal line, namely VSS. At
the same time, the electric potential of the gate electrode of the driver TFT 102 also becomes
15  VSS.

The number (m-1) row gate signal line (G(m-1)) is then unselected, its electric
potential becomes L level, and the first TFT 151 and the second TFT 152 are placed in an off
state. The number m row gate signal line (G(m)) is selected and becomes H level, and the
switching TFT 101 turns on. The electric potential of the source signal line (S(n)) at this

20  point, namely the digital image signal, is input to the gate electrode of the driver TFT 102,
which is turned on. The digital image signal is simultaneously input to the gate electrode of
the third TFT 153, which turns on.

At the point where the electric potentials of the gate electrodes of the driver TFT 102

and the third TFT 153 become (VDD - VthN), the voltage between the gate and the source of
22




5 153 rises when the third TFT 153 turns on. A capacitive coupling exists
at this point between the output electrode of the third TFT 153 and the

- gate el ectrode of the driver TFT 102 due to the first capacitor 154. The
gate electrode of the driver TFT 102 is in a floating state, and therefore
the electric potential of the gate electrode of the driver TFT 102 once
again rises from (VDD - VthN), along with the rising electric potential of
the output electrode 10 of the third TFT 153, and becones an el ectric
potential higher than VDD. As a result, the digital inage signal attenuated
once bhe WWiibhing dFIVHYE barpirics edenl te drpibnshelidomlthge VN, \ank tthgevicdmmehEEt | on
circuit, through the swtching TFT 101, and is applied to the gate

el ect radeisglladet 6n dhiofestattRak d 82ult.Th®he ghre@lleclibde &0 thel drivieln @RIT t022andubenal |y
turned on, and a desired drain current can be obtained. 15 The electric

pot ent .l el@tﬂﬁlde‘?ﬁ ohilharERi s gk ﬂ?éréf@fteteﬁlfpoﬁamay plakodah aohtidPateS t hereafter
mai nt ai ned by the capaC|tors 154 and 155, an €l ectrlc current flows, and

the EL el emegf Heoﬁher@:i}hﬁs el e@ric +&cﬁtg§of‘m§ | {céﬁﬁdﬁﬁﬂe(lh thettfﬁ‘?d st TFT

151 and the secon are aced in an state nunber (m1)
gate sjgnal l.ected. The ectrlc ot en f the gate
el &ct rode™8% WH%“ 8]% \%‘F3 -)IIE-LIISIS% RS e s ‘£q°337°l § PR 1 fgee 1% ﬂ%ﬁ B3¢ e[ent i aI
of the nunber in row gate si l.ine nanel Ssi o

of t hePotweedk the Qysptielsicrpde of fthrfé E%Eg% ae@ﬁ%fcgatwl\éﬂs%é of %d@dﬁhiﬁi The
first capacitor 154 is placed between the output el ectrode and the gate

el ect ri¥Beducdp th: first lapagitpr154.53Thetgase plepisedeceljhe deiger BN 102 inincaPartingance
that is used for increasing the electric potential of the gate el ectrode
of t hestate, aet thieFeForkOle ejectric powntig afalhagiata viectomliepifi thg.dri@er Thé HEcoms
capacitor 155 is arranged in series with the first capacitor 154, and

capaci dgaitfrises Finh | (VIDD SVIR)MREnL MR ribing eBlcaR gotentalsT BB ougauleatraleppl y
line, having a stable electric potential, and the driver TFT 102. The -

;g@gng?fggfggfgem i§f a'ns rb}s'\élcg{r;esfra%flgl&ftﬁé b&gntrlah%l@le?ﬁltaﬁ ipppotential of the
As a result, the digital image signal attenuated once by VthN receives amplitude
compensation by -the voltage compensation circuit, through the switching TFT' 101, and is
applied to the gate electrode of the driver TFT 102. The driver TFT 102 is therefore
normally turned on, and a desired drain current can be obtained.

15 The electric potential applied to the gate electrode of the driver TFT 102 is thereafter
maintained by the capacitors 154 and 155, an electric current flows, and the EL element 104
emits light. In the next subframe period, the first TFT' 151 and the second TFT 152 are
placed in an on state when the number (m-1) gate signal line (G(m-1)} is selected. The
electric potential of the gate electrode of the driver TFT 102 becomes equal to the electric

20  potential of the number m row gate signal line (G(m)), namely L level.

A discussion of the first capacitor 154 and the second capacitor 155 is added here.
The first capacitor 154 is placed between the output electrode and the gate electrode

of the third TFT 153. The first capacitor 154 is a capacitance that is used for increasing the

-electric potential of the gate electrode of the driver TFT 102 by utilizing capacitive coupling.
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5 An additional function of the second capacitor 155 is that it is used as
a load for nmaking the voltage conpensation circuit bootstrap function
properly. If this load is not present, then the electric potential of the
out put electrode of the third TFT 153 clinbs imediately due to the
capacitive coupling if the electric potential of the gate el ectrode of the
third TFT 153 rises due to the input of the digital inmge signal fromthe
source signal line. If 10 this operation occurs, then the aforenentioned
bootstrap may not work properly. The electric potential rise of the output
el ect Thdescodnd bepatitor I5STETarthided dnaeties itk tha figst idapacitor dSdpdrddncapacisive
therefore delayed with respect to the rise in the electric potential of the

gate c@hlﬂﬁiff RABAEd bBEvcehithé elbbfriclagrday sbilie RRAE MRE haQingt £ tabRCAE ric
capaci tor 155. The electrlc potential rise of the third TFT output

el ect 1de NS RRCAES TANAET 1. LB PERh ik H55 S0 hschhof LI thediedde time

when Phe t is in an o state, strap can work

nor mal | i t | se nornally reqU|res a |l arger
voltage%gﬁgﬁgﬁhﬁéa %ﬂﬁro%ﬁ&%he Fgé%fgﬁ% i"tude of the digital image signa
ut to the sour. nal . In ccor dan h the above-stated
mobhod. it BUaiGow dEngion ol isesebond oRe i dgesedcioct 19O at o
signal I|ine selectlon pul se_equal to, or |ess than that of the digital -
i mage mikimthe votagerereneapetiae ciris bpfsisam fuaction pewngey. t Hethi adris 9oner
consunption on the gate signal line driver circuit side. Further, the

el ect presepiptthert it elpftrichpoigatial e ot paiget ofectrdre df ithee thifiF TFTOR}3 wHinbh rises
due to the capacitive coupling, becones higher than VDD in accordance with
he pr ésaidiady iday enthic @apacliivescaiptiag if the pleteidtpoadntial cfabe gite kkasbdd of &®D, and
therefore it is possible to make the voltage anplitude of the gate signal

l'ine g@lettirass 91&E§&1ee%€tﬂe fipat bﬁhe RYiQPhdBezighdl R (NAddke& Pdnal NBe. If
capacitors 154 and 155. Note that it is preferable that the, electric

PQhentyizal oﬂ%fratHﬁeo&ﬁH, efitn SHPRlYrehleABol& BS&Etrap may not work properly. The

electric potential rise of the output electrode of the third TFT 153, due to the capacitive
.coupling, is therefore delayed with respect to the rise in the electric potential of the gate
electrode of the third TFT 153 by the placement of the second capacitor 155. The electric
potential rise of the third TFT output electrode thus becomes managed by the drain current

15  flowing at the time when the third TFT 153 itself is in an on state, and the bocttstrap can work
normally.

A gate signal line selection pulse normally requires a larger voltage amplitude than
the voltage amplitude of the digital image signal input to the source signal line. In
accordance with the above-stated method, it becomes possible to make tlte voltage amplitude

20  of the gate signal line selection pulse equal to, or less than, that of the digital image signal.
It therefore becomes possible to reduce the electric power consumption on the gate signal line
driver circuit side.

Further, the electric potential of the gate electrode of the driver TFT 102, wh_ich rises

due to the capacitive coupling, becomes higher than VDD in accordance with he present
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5 high due to operating considerations for the case shown here, and
therefore it is preferable that electrodes of the EL el enent 104 be such
that reference nuneral 105 denotes.an anode, and that reference numeral
106 denotes a cathode. This case is the reverse of the conventional
exanpl e al ready di scussed. Lower surface |ight em ssion is provided for
cases in which the structure uses n-channel TFFs, and upper surface |ight
em ssion is provided for 10 cases in which the structure uses p-channel
TFfs. [ Enbodi ment Mbde 21 Figs. 25A and 25B show a structure in which a
port i aiveatipi.er Shi edpeinichpotsntial ciser & lofst tENDIY iamd iberbodeit is pAssitdbewmake Fi g,
25A, conponents simlar to conventional conponents are used for a

swi t clthsgolgE aaffliiudeaotitheve dighdl 18RGRlechidn fhlse kedethal?h @4, oMindi2ingahté age
conpensation circuit 2510, a source signal line (S(n)), a gate signal |ine

(A(M kalu@9Ef te capddioR! 15UpRAl1Ks! i ne (current). Fig. 25B is a circuit diagram
including the structure of the voltage conpensation circuit 2510. The

voyjage COMRRRS Al As puEible AR BRRLR oldriln I e Bntn AoBSaRdCkch. 2552

a first capacitive mean 3, and a se

capacier S RBRISG SRy B B Bendons St Rl g
Fur e narat clirafit 6t 12 et LU bt Sy e nugert 405 deBies ghanods no

scanned in the nunber mrow, and reference synbol G m1) denotes the gate
si gnalnflj that refergnpe diuseralh d0¢ denptes oy, caimdahe Thisy sesec igpthsi tvessenehirtbe 2553
and the second capacitive nmeans 2554 are arranged in series. A first
el ect coaeengipnal pgaiplestireadp discssee neprs sEEES light eminsentie grévidddhier oageput
el ectrode of the switching TFT 2501, and a second el ectrode of the first
capaciit mhéchmbarguctdfbisel i-chamied AIFE, 4nd wppki figtacellipet eadsionlis pheidsicond
capacitive means 2554. A second

10 cases in which the structure uses p-channel TFTs.

{Embodiment Mode 2]

Figs. 25A and 25B show a structure in which a portion differs from the structure of
Embodiment Mode 1. As shown in Fig. 25A, components similar to conventional
components are used for a switching TFT 2501, a driver TFT 2502, an EL element 2504, a

15  voltage compensation circuit 2510, a source signal line (S(n)), a gate signal line (G(m)), and a
current supply line (current).

Fig. 25B is a circuit diagram including the structure of the voltage compensation
circuit 2510. The voltage compensation circuit 2510 has a first TFT 2551, a second TFT
25-52, a first capacitive means 2553, and a second capacitive means 2554. The voltage

20  compensation circuit is structured by three TFI5s and two capacitors in Embodiment Mode 1,
but in Embodiment Mode 2 the voltage compensation circuit 2510 is structured by two TFTs
and two capacitors. Further, in Fig. 25B reference symbol G(m) denotes the gate signal line
scanned in the number m row, and reference symbol G(m-1) denotes the gate signal line

scanned by the (mQI) TOW.
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5 el ectrode of the second capacitive neans 2554 is connected to the current
supply line. A gate electrode of the first TFT 2551 is connected to the
gate signal line Gml), and an input electrode of the first TFT 2551 is
connected to a signal line that supplies a first power source electric
potential (Vi), or to a power source line. An output electrode of the

first TFT 2551 is connected to the output electrode of the switching TFT
2501. 10 A gate electrode of the second TFT 2552 is connected to the out put
el ectrode of the switching TFT 2501 and to the first el ectrode of the

first capaciThevirst®pasitivé\theaP2853 ldagt keipd @hpicie eSREMR PSTH hre2hbahpts
connected to a signal line that supplies a second power source electric

pot entsj, %lmésVZ)A fﬂEt d18ctddR WFthe FRM EHatitive m@Rs 2853 QW EhitecRUaphodRuRE t he
second TFT is connected to the second el ectrode of the first

Capac'eﬁéﬁ oo ’lﬁe ?ﬂﬂcl{l V\%‘ﬂ%ﬁTﬁi(ﬁs Gnd %%e%hx?c?%fe&?&de {vf Eh@eﬁéte&ﬁﬂgu& ﬁg&k&' ve

nmeans ega vol't ag npensa I'rst

TFT 2 her refresh and cond TFT
552" YOS el canEed o o Pl HdsT8g 1o At FRbTie mARS et sebrady
havi ng the sane polarity are used here for the TFTs 2501, 2502, 20 2551,
and 25irteds gEthgseerpdicRRacHiveaneans RaSh iy conpeqiedigyhgenrrent suphelingr  p- channel
type. However, the first power source electric potential (Vi) and the
second powerA g@@r@i@t@lde@fﬁﬁlﬂ:flﬁbfféﬂ‘t 2%l i§ veypnasteshiodh¢ fate signahdivoG(amtl with
" the polarity of the TFTs structuring the pixel. If the TFTs structuring

t he piandlanangutrelad@deaef thEHTist TERE35Vis eonvctadhth & fighlidinERhat suppliercd firitng t he -
_pixel are p-channel TFI's, then Wr > V2 26 If V, < V2, the electric

pot entgosdler @bur¥e eletritpotémiaB(VH| O£ h @oﬁei siiréaling UTAd 6Lt biéctr@idest thehan
the threshold voltage of n-channel Ms, and the electric potential O V2 is’

set 1 GiTFEhsst fs'c‘émﬂé&e‘ﬂ% 'tli’é onﬁ[gﬁtfél&,h%ﬂé b/thd 's@'ﬂ@ﬁm% gt dsg, t hreshol d

vol t age of the n-channel exanpl e, the el ettric potential of V, is

| s§p on t he %A %gtrc e?écutogg o{"tﬂces\é%ncpi’ r E@Sf 'isg&)%heétécp% th@ %th}uli] ®lectrode of the

switching TFT 2501 and to the first electrode of the first capacitive means. An input
electrode of the second TFT 2552 is connected to a signal line that supplies & second power
source electric potential (V3), or to a power source line, and an output electrode of the second
TFT 2552 is connected to the second electrode of the first capacitive means and to the first
15  electrode of the second capacitive means.
| Regarding the two TFTs of voltage compensation circuit, the first TFT 2551 is
hereafter referred to as a refresh TFT, and the second TFT 2552 is hereafter referred to as a
compensation TET.
Note that TFTs all having the same polarity are used here for the TFTs 2501, 2502,
20 2551, and 2552 structuring the pixel. The polarity may be n-channel or p-channel type.
However, the first power source electric potential (V) and the second power source
electric potential (V;) each differ in accordance with the polarity of the TFTs structuring the
pixel. If the TFTs structuring the pixel are n-channel TFTs, then V; < V3 and if the TFTs

structuring the pixel are p-channel TFTs, then Vi > Vi
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5 electric potential of V2 is set on the order of the Hlevel of the signal
line. The electric potentials my be reversed for cases in which V, > V2.
Circuit operation is explained next. An exanple in which the TFFs
structuring the pixel are all n-channel TFFs is used here. Input signals,
either digital image signals Qutput to the source signal line or signals
for selecting the gate signal line, are set to VDD for H level, 10 and are
set to VSS for L level. Further, V, = VSS and V2 = VDD here. |In addition,
the electric potential of the current supply line (current) is set to Vc.
Drive tim ndf Ve<ibstheyelsitng patentiad of Watis ses éxlan ele&rnib pdicntialt subfidently, loward
therefore Figs. IlAto IID are used. Fig. Il A shows the electric potenti al
of t hehanutiibethre§iold Jvottaye of atchafined N Ts| wie tHe182tHiE )potdnkigl ofl 4 3s skowsart he
electric potential of the nunmber mrow gate 15 signal line (M), Fig. 11C

shows cfch@icepRetlal Guitiefen 'tﬁgrhe?fthzﬁ‘i e liﬁ[‘éﬁw‘{di YBRAge! dtRe @Rhdel BNG. Fegr  111)
shows the e ectrlc potentia he gate el ectrode of the driver TFT 2502.

Furt h%ﬁam le‘éﬁ é;#@énha%@ﬁ/lafstsg{m{ e oFHé?B?{he fe%Y &?1?%?1 ?Wﬁé a'n'd’iﬁe ( G( M)

is sel ECt Untl e nu mrow gate si I'S selected

agai n res ond a. subfr Fi. eriod
depot e%% BPRL e i g T g3 &néiﬁi%vei aﬁﬁ% sigtpiy ARgidhelioo”
~-which the _sw tching TFr, 2501 i s cont d by the gate signal line selected
in t haomﬂﬂéfﬂa% YRS 05«21??%1}%@%5/0 Figs. |Aand 1B, and Figs. 11A to
11D. First, during a period in which the nunber (m1) row gate signal line
(Q(m 1)) is Cisyitapergon pneriigined peiti odndurinply mhvieh thei TFBgtettugngithage
signal to the nunmber (m1l) rowis performed, the nunber (m1l) row gate
_Si gnalpidel are dlocomeacH FEve useddrede.t Hepuwtsigyals, eitheg digitalifnapic gignlalsloufpmt becones
L level. Therefore the switching TFT 2501 turns off, and the refresh TF-r
2551 thy stliredbig libk B sipBall for\selcetiNDthe gatd Siphtl Line, irh%egt@t‘EDH foe i lede, of the
driver TFT 2502, which turns off. A nunmber (m 1) horizontal period Is

coip! gh@dre &90 tm Rt lﬁbgnaﬁ‘uréhbﬂwl(wﬂﬂd V, = VDD here. In addition, the

electric potential of the current supply line (current) is set to V.
Drive timing is mostly similar to that used in Embodiment Mode 1, and therefore
Figs. 11A to 11D are used. Fig. 11A shows the electric potential of the number (m-1) row
gate signal line (G(m-1)), Fig. 11B shows the electric potential of the number m row gate
15  signal line (G(m)), Fig. 11C shows the electric potential of a source signal line (S(n)), and Fig.
‘11D shows the electric potential of the gate electrode of the dﬁver TFT 2502. Further, a
period 1101 from after the number m row gate signal line {G{m)) is selected, until the number
m row gate signal line (G{m)) is selected again corresponds to a subframe period (SF#) shown
in Fig. 9B. A period denoted by reference numeral 1102 is one horizontal period. A pixel
20 in which the switching TFT 2501 is controlled by the gate signal line selected in the number
m row is explained using Figs. 1A and 1B, and Figs. 11A to 11D.
First, during a period in which the number (mn-1) row gate signal line (G(m-1)) is
selected, namely a period dufing which writing of an image signal to the number (m-1) row is

performed, the number (m-1) row gate signal line becomes H level, and the number m gate
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5 becomes L level. The refresh TFI' 2551 accordingly turns off. A nunber m

hori zontal period begins, the gate signal line (G n)) becones HIlevel, and
the switching TFT 2501 thus turns on. The digital inage signal output to
the source signal line is witten into the pixel at this point. The

switching TFT turns on when the digital inmage signal is HIlevel, and
therefore the electric potential of the gate electrode of the driver TFF
2502 rises. 10 However, the gate signal line (Gm) is Hlevel, its

| s ntial is VDD, diaital i Y anal i I d.i
ol oot rEnBSEHeoBney £ WRE S Thercndie StlRRTFR, 0% putnd At ndp ooty o
t he o%ﬁ:ﬁé gi ectrode gf the switching.TF17 is influenced bg the,threshol d
val ue. Pt GBS Phe ALNTPHAGYTETVPRIHEPEEto i &¥e clrctrefe ot thedryst KL al

becomes (VDD - VthN), and the output electrode of the switching TFT, nanely
t he gat¥lewbiohteae off the driver 15 TFT 2502, is placed in a floating
state. On the other hand, the electric potential of the output electrode of
t he sw t chi nfy rfiather ZHO1) horzestalipetiod {sVBimpletddhddd thEhmebigna linee(G(m-1))
conpensati on TF17 2552 turns on, and the electric potential of the output

el ect riggemes IekveRpMheaehrestg TWDRS5A sa@patiddly terns @R | AGuntbét s HoAkodtdll S
poi nt between the output electrode and the gate el ectrode of the

conpensafod MR gR, thE bakt33ghati HBe t@(li;ﬁ %S&hﬁ&_t HGARACIHH itH@S\?ﬁéﬂﬁ% 7893501 gs0at e |

el ectrode of the conpensation 552 is ina floating state with its

el et By BE A ik B 0 AR B ASKE' 06 uchBoShEBRE 6

p'ot enti rise of (0] e~conpensat1 on causes

o f her rij he. el. ' ial of th I de of th
Compenti paltt Tre, SEsEERI bR Shblendbe el Satad GRHLEF Beld: g1 1

- image signal attenuated once by VthN receives anplitude conpensation by
t he volbpizue yglesiaapotentialiof ey gatoejectrpdeof theydgivet RETSR02 &eg TFr 2501, and

is input to the gate electrode of the driver TFT 2502. A nornmal gate-source

volQ age can Hewevasf dieezabresigng dinee(Gm) ihlH grély éte eRerisaRntialris WBetier ed

drain current can flow. : :
digital image signal is H level, and its electric potential is the same, VDD. The electric
potential appearing at the output electrode of the switching TFT is influenced by the threshold
value. Therefore the switching TFT turns off when the electric potential becomes (VDD -
VthN), -and the output electrode of the switching TFT, namely the gate clectrode of the driver

15 TFT 2502, is placed in a floating state.
On the other hand, the electric potential of the output electrode of the switching TFT

_2501 rises up to (VDD - VthN). Therefore the compensation TFT 2552 turns on, and the
electric potential of the output electrode rises, approaching VDD. A capacitive coupling
exists at this point between the output electrode and the gate electrode of the compensation

- 20 TFT 2552 due to the first capacitive means 2553. The gate electrode of the compensation
TFT 2352 is in a floating state with its electric potential being at (VDD - VthN), and therefore
the electric potential rise of the output electrode of the compensation TFT 2552 causes a

further rise. The electric potential of the gate electrode of the compensation TFT 2552

becomes higher than VDD.
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5 The electric potential applied to the gate el ectrode of the driver TIFT
2502 is maintained by the first and the second capacitive neans 2553 and
2554 after selection of the gate signal line is conplete, and
additionally, after an address (witing) period is conplete. The drain
current thus flows, and the EL el enent 2504 emts light. In the next
subfrane period, the refresh TIFT 2551 turns on when the nunber (m1) row
gate signal line (Gm1l)) is 10 selected and becones H |l evel, and the
electric potential of the gate electrode of the driver TIFT 2502 becones L
| evel . The d¥S ydesultrfhodigitak ymags wenal atieneptediraen by WhNareseivesepmplitude
perfornmed. by repeating the above operation, A discussion of the first
capacicegpenrsggn BM thet vrdtage compensatperceirawit 2598 Athraugh diskesivibabing TEFTRS0T, and t
capacitive means 2553 is placed between the output electrode and the gate
15 el ecinmmdao olic phte danjpodadithodriVeFTFZ55R2. ThAenbrniat igatagaddet vol@geeans 2553
"is a capacitive nmeans for perform ng operations on the electric potenti al

of thehgafor: B Reared e ¢ ERBATIT 2862, dndWRlcking drdfnl dukeh\Gnlify. €l ectric
potential rise of the output electrode. The second capacitive neans 2554

_ S the ol oot € ¢ 2>
i syarrange ’I'hf@ ae&he;paeeﬁtm tapﬁzelédelrtg Ctthgir'ﬂgg?é: 'cfc'cﬁfﬁdé"%?’}ﬁ? idﬁﬁéﬁ I 2”apPag tive

coupling 1is fornmed between current supp aving a

fixed_gl. rj ntial, and the 20.driver 2 e second

capac EUEMEL ARG BRY LR Eodd FardPilve nlsih, 253 w730 FF SRERER olghe e
gate el ectrode. of, the driver TEI 2502. The second capacitive neans 2554 has .
one f &feHagnal ding 1§ complefs, qnd sdditionally, afiqyan Aadess (‘ﬁr&@d}e&pﬂ dhogpplele

- vol tagé conpensation circuit 2510 with certainty. If this load is not
pr eseric drparcurieat gus dawss apd it Elaglement 204gemiss Hekict dpdes nxtishframe
conpensation TFIF 2552 29, will begin to clinb due to the input of the
di gi t @kripdalyerefieginAFT256 bturheos whet ¢heshuguizer (i aowlghte digrel Bhe(Gn-¢)) is
potential becones greater than the threshold value, then the electric
pao enttlattedfand theeomes Hulevel| aed tadeleortictpotertiaNDe tad:t® Bledirdd265 theVdriver

i mredi ately clinb. The bootstrap may not work properly if the electric
pot entyipgl 2317 BHoRkes LNBvAUT MHE dBVECTEPS802 SurhO08ttf aBhage display on a screen is
performed by repeaﬁng the above operation.
A discussion of the first capacitor 2553 and the second capacitor 2554 is added here.
The first capacitive means 2553 is placed between the output electrode and the gate
15 electrode of the compensation TFT 2552. The first capacitive means 2553 is a capacitive
means for performing operations on the €lectric potential of the gate electrode by capacitive
coupling, utilizing the electric potential rise of the output electrode. The second capacitive
means 2554 is arranged in series with the first capacitive means 2553, and capacitive coupling
is formed between the electric current supply line, having a fixed electric potential, and the
20  driver TFT 2502. The second capacitive means 2554 is used for storing the electric potential
of the gate electrode of the driver TFT 2502.
The second capacitive means 2554 has one further role of a load for performing

bootstrap operation of the voltage compensation circuit 2510 with certainty. If this load is

not present, then the electric potential of the gate electrode of the compensation TFT 2552
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5 Consequently, the electric potential clinb of the output el ectrode of the
conpensation TFT 2552 is delayed by using the second capacitive neans 2554
as a load, and the gate electrode is placed in a floating state before the
rise in the electric potential of the output el ectrode stops. The

boot strap operation can thus be performed with certainty. A gate signal
line selection pulse nornally requires a |l arger voltage anplitude than 10
the voltage anplitude of the digital image signal input to the source

signal line. In accordance with the above-stated nethod, it becomnes

pOSSI Rl b&lﬁn @@Kﬁ’mi) I?.l?le Y(?Jcﬂeel HTRld Jl imQfe §1 l%h?th%'s%‘[%l: sighfigingel gction
pul se equa | ess th t hat the di i mage signal. It

there 1Qr Q f the
gate i gﬁeﬁt%ri g%ntl%ﬁ?e\%/:gglcg | e%&%r?ﬂﬁggleﬁgﬁflﬁélg Q/t':lplle thgg\éé%és elfé?lﬂ?i% o2 'tlgﬂ of

structure sho s. 25A and an. 8¢ I Fi gs.
Sont Eresmedimimos of B elmpRaior it Paet Jal B tBrel bR ThERRYGre | o
each of-the nodes. The connection | ocation of the |nput el e trodes of the
ref r eSHYTIOE Wetk1 progery tif éhe sleplaicseatemil PEMb8E thegpytpyl ¢ e%‘FRﬂ%ngt fe fast.
structures, which are otherwise simlar. Enbodinents 20 Enbodi nents of the
pr &s e fonsoquentty, ol elcetridi poteriab dlitwdl efthe oppwh el¢cireds ofl the gompeasaion T
perform ng SES drive containing an erasure period using a pixel having an
added2esaBulctaysd bhasingthé sccoudbapanitite ineaksDEfdi averibad, andFitgsgat@deande 28 show
structures of a pixel having an erasure nmechani sm of 30 Enbodi ment 1. As

shown pjaRediida f18dking fiteMcksit thdfseinghk ERbBirkGpoldnlialétlihe dufput vREtrddelfop02, an
EL el ement 204, a source signal line (S), a gate signal line (G, and a

- ourt e SRRl bidiBtion GHIEAN perlth el yihGoRlifly, ar to_conventi onal

conmponent’s, as a voltage conpensatlon ci'rcuit 210 that is simlar to

the vol tage ,c ga{IE’eng%% 90 SLEEY l;[ulé%, nollz'fH%ﬁg rga%%s Iqul%ellVOl dge amphtudc than

10 the voltage amplitude of the digital image signal input to the source signal line. In
accordance with the above-stated method, it becomes pessible to make the voltage amplitade
of the gate signal line selection pulse equal to, or less than, that of the digital image signal.
It therefore becomes possible to reduce the electric power consumption of the gate signal line
driver circuit.

15 Further, for cases in which the structufe shown in Figs. 25A and 25B is used in an
actual circuit, Figs. 26A to 26C show structures for imparting desired electric potentials to
each of the nodes. The connection location of the input electrodes of the refresh TFT 2551
and the compensation TFT 2552 differs among the structures, which are otherwise similar.
Embodiments

20 Embodiments of the present invention are discussed below.

{Embodiment 1]
An example of performing SES drive containing an erasure period using a pixel
having an added erasure mechanism is explained in Embodimen.t 1.

Figs. 2A and 2B show structures of a pixel having an crasure mechanism of
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5 addition to the gate signal line (G, the pixel also has an erasure gate

signal line (Ge) in Enbodinent 1. Note that, with respect to the erasure
gate signal line (Ge), the normal gate signal line is referred to as a
witing gate. signal line in Enbodinent 1. Fig. 2B is a circuit diagram

containing the structure of the voltage conpensation circuit 210. The
vol tage conpensation circuit 210 has a first TFT 251, a second TFT 252, a
10 third TH 253, a first capacitor 254, and a second capacitor 255.
Further, reference synbol G(n) denotes a witing gate signal |ine scanned

in a BHEdEmént 11 OWs sABWIif e 22C ehSpyitbidlas aGiwitcAihg AETOLMES adlr@at EFFi20nal | i ne
scanned in a nunber (m1l) row. Reference synbol Ge(m denotes an erasure

ate gj [ i lyafelki nd hd gt j imo4 and
9 h $18k1enbAC2RC ANDER e sibrbNBnd WIPE oalebidiBWMine! (18), hhd 3 cuﬁ%lgasgflpgfé{ lirfe>

~the second capacitor 255 are arranged™ n series. first rode of
the firs apacit or i nn t ut pug e d
sui t ok BRI B el o SOANGELRA CogBup dRlhac’) SELAR EofiberkiBn, |
connect ed fi.rst electrode of the second c. i tor,. 255.. A second
ol ect Pt of0 s i Shfas E bt oliage co9epStE8 mirett BR Empdttisaem PSR “Blipp! y
line. A gate electrode of the first TFT 251 is connected to %.he writing
gate 8ddjHan teithe satpcsiggahling (Ganthenpigel dlpebay ayerasare; gate signal ling{Gokin j g
connected to the witing gate signal line Qn), and an out put el ectrode of
t he f Embodiffant251 Nale dutrwith exspead to the gatupeigate bigoelr lowe(Gs), the nermalvgatehi ng
- TFT 201. A gate electrode of the second TFT 252 is connected to the witing
gat e siggildinelis Rrefertédnolss,a wuitingogate. signil 1k ée Ermbdéineht the second TFT 252 is '
connected to the witing gate signal 31 line G(n). An output electrode of

the second Fipl #P% hTiconngsdrad doatdifiag I8 onsbra afthodeltagd coéhperdshticd
capaci tor and to the first electrode of the second capacitor 255. A

254, )
T T S e s T
co ”e&hrecfir f*’? ZtSQ,e a i Sclz“llgr)z%itor 254, and a second capacitor 255. Further, reference symbol
G(m) denotes a writing gate signal line scanned in a number m row, and reference symbol
G(m-1) denotes a gate signal line scanned in a number (m-1) row. Reference symbol Ge(m)
denotes an erasure gate signal-line scanned in the number m row.
The first capacitor 254 and the second capacitor 255 are arranged in series. A first
15 electrode of the first capacitor 254 is connected to the output electrode of the switching TFT
201, and a second electrode of the first capacitor 254 is connected to a first electrode of the
second capacitor 255. A second electrode of the second capacitor 255 is connected to the
current supply line.
A gate electrode of the first TFT 251 is connected to the writing gate signal line
20  G(m-1), an input electrode of the first TFT 251 is connected to the writing gate signal line
G(m), and an output electrode of the first TFT 251 is connected to the output electrode of the
switching TFT 201.

A gate electrode of the second TFT 252 is connected to the writing gate signal line

G(m-1), and an input electrode of the second TFT 252 is connected to the writing gate signal
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5 gate signal line Ge(m. An output electrode of the third TFT 253 is
connected to the second el ectrode of the first capacitor 254, and to the
~first electrode of the second capacitor 255. Note that TFTs all having the
sane polarity are used here for the TFTs 201, 202, and 251 to 253
structuring the pixel. The polarity may be n-channel or p-channel type.
Circuit operation is explained next. An exanple in which the TFTs
structuring the 10 pixel are all n-channel TFTs is used here. The
anplitude of input signals is set to VDD (H level) - VSS (L level) for

si gnal bnd Gab). fA®ouiplieclsarydeaf shedtabnd THE, 25004 csingtRd $o tHealecsl Aedtrddae

witing gate signal line, and for signals that select the erasure gate
si gnal ofl thirst lcapa%ﬂsk 3340 amd @the Afly eRblrbd ofth&dRond &ﬁ)a&lt(ﬁ'eisrs' c potential of
t he source signal line (S) and the electrlc potential of the gate signal

[ine (G) areubpls cl%s&oc; VS (R ATHD S5 PLEEAI 6 R 9 AL bl bicbOSICH fight

supply 15 lin curren e elec Fic po rasure gate

Tre el T et wpukag%m@zﬂ&t 5 i SR Ryl 1S P

explalnlng the operation of the circui of  the present invention shomn in
gake gigmrldme Gs(gy. 198 %lmgi%%&wé@? ghigd BRT Eﬁ% isgongectedito the spromd( m 1)

rom/gate signal line (Gm1l)), . 12B shows the electric potential of

t he nustbeirodmof 8 fivst edpagjiag 266, asn:ig@ &16 fist ¢legiepde Of the)secamidgrapaciior 2hdws t he

electric potential of a source signal line (S(ri)), Fig. 12D shows the

el ectric potBotcithit T Tstalichagaigehetamnd palaetyche tded tdrd foetheTFITSIBH, 26Acndi g.

"12E shows the electric potential of the erasure gate signal |ine. Further,

. a perizst h283 sfruamtia %twpume ThReIPI8Tity tha0Wé MMchddn8Dogatianstonps. |ine (G(m)
is selected, until e nunber mrow witing gate signal line (Gm) is )

sel ected ag %Hcﬁ%;?@r&ﬁﬁﬁﬂ $xpRird SR | 2PeRRIIOh RARMNE "I‘FE& Yrufring e

period denoted by reference nuneral 1202 i's one horizontal period.” Figs. 2A-

e R S U R
Level , ngtFalﬂE (}%g éL {g;%?lgfforamgrll 1In%1|1t fromqﬁe SO (r:]ea lmgneﬁ igng,e forg%?g%g{s tflat sc?ect &Vg pi er

is per

writing gate signal lmc, and for signals that select the erasure gate signal line. In addition, as
an initial state, the electric potential of the source signal line (S) and the electric potential of
the gate signal line (G) are both set to VSS, and the electric potential of the current supply
15  line {current) and the electric potential of the erasure gate signal line are both set to VDD.
Further, the threshold voltages of the TFTs are all taken as VthN.  Figs. 12A to 12E
are {iming charts for explaining the operation of the circuits of the present invention shown in
Figs. 2A and 2B. Fig. 12A shows the electric potential of the number (m-1) row gate signal
line (G(m-1)), Fig. 12B shows the electric potential of the number m row writing gate signal
20 line (G(m)), Fig. 12C shows the electric potential of a source signal line (S(n)), Fig; 12D
shows the electric potential of the gate electrode of the driver TFT 102, and Fig. 12E shows
the electric potential of the erasure gate.signal line. Further, a period 1201 from after the
number m row writing gate signal line (G(m)) is selected, until the number m row writing

gate signal line (G(m)) is selected again corresponds to a subframe period shown in Fig. 9F.
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5 point in the nunber mrow of pixels, Hlevel is input to the gate

el ectrodes of the first TFF 251 and the second TFT 252, which turn on. Both
el ectrodes of the first capacitor 254 becone equal to the electric

~ potential of the number rn row gate signal line, nanely VSS. At the sane
time, the electric potential of the gate electrode of the driver TFI' 202
al so becones VSS. 10 The nunber (m1) row gate signal line (G m1))
selection period then is conplete, its electric potential becones L |evel,
and the first TF17 251 and the second TFT 252 are placed in an off state.
The nukperodalenoieddat eigegpealunicrald 20Gin9e icgizenlabperad. akiesh@AdomdsiBland evel |
and the switching TF17 201 turns on. The electric potential of the source
si gnalFigd. neA 6 $0Rhje @dedtifnite gxplanttionditht ypdrintordi gi tal image signal, is-
input to the gate electrode of the driver 15 TFT 202, which is turned on.

The di gi t al JHXBARnEr §RR1) iot BABUiRNERL SGYmI1PPLL seleRtcdNdIdcBmeS IEE fveRde of
the third TFT 253, which turns on. At the point where the electric

pot entj.al.S.; : Cl; i he i:;rd TFT
D55 bl ity bf'% GAE Wi bEQHRS (B nlfer S Y PonT pleel O perfifhc Ol o,

the sw tchi TI ET 201 becone al ;to. the threshold valt h nd the
St cHiol] e Beyhtesn ro ¥R ] ket 1 b1y B BAERAS 0 8P G el

el ectrode of .the drj r 202 and the te electrode of the third TFF
253 ar%e tﬁ@r@'@o?“'&OffCLrV‘r‘%@rg{%I‘é“ L8O %Pqﬁlegeéfrp & gfg}%gfs@?ai?%ét%@g%r
hand, the electric potential of the output electrode side of the third TFF
253 r ibssempmennl thdetehrctry prtantiph of thgmymbehm iawearatignal Vi duply N§SexiMdt s at
this point between the output electrode of the third TIFT 253 and the gate
el ect rtheleamé titecthe relactic frentB3 of 0 gitrecledradesf the driver AFAC20Dals@BbdconiEre gat e
el ectrode of the driver TFF 202 is in a floating state, and therefore the

el ectrvgspotential of the gate el ectrode of the driver TFT 202 once again
rises from (VDD - VthN), along with the rising electric potential of the

oufpput el ectFd@umil () oW Ele SERaPRR (G 1HECRIBS PBricd k' conpleent i al

hi gher than VDD. Strictl’y speaking,
its electric potential becomes L level, and the first TFT 251 and the second TFT 252 are
placed in an off state. The number m row gate signal line (G(m)) is selected and becomes H
level, and the switching TFT 201 turns on. The electric potential of the source signal line
(S(n)) at this point, namely the digital image signal, is input to the gate electrode of the driver

15 TFT 202, which is turned on. The digital image signal is simultaneously input to the gate

electrode of the third TFT 253, which turns on.

At the point where the electric potentials of the gate electrodes of the driver TFT 202
and the third TFT 253 become (VDD - VthN}), the voitage between the gate and the source of
the switching TFT 201 becomes equal to the threshold voltage VthN, and the switching TFT

20 201 is placed in an off state as a result. The gate electrode of the drver TFT 202 and the
gate electrode of the third TFT 253 are therefore temporarily placed in a floating state.

On the other hand, the electric potential of the output electrode side of the third TFT

253 rises when the -third TFT 253 turns on. A capacitive coupling exists at this point

between the output clectrode of the third TFT 253 and the gate electrode of the driver TFT
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5 it beconmes an electric potential higher than (VDD + VthN). As a result,
the digital image signal attenuated once by VthN receives anplitude
conpensati on by the voltage conpensation circuit, through the sw tching
T1717 201, and is applied to the gate electrode of the driver TFT 202. The
driver TIFT 202 is therefore nornmally turned on, and a desired drain
current can be obtained. 10 The electric potential applied to the gate

el ectrode of the driver TFT 202 is thereafter nmintained by the capacitors
254 and 255, an electric current flows, and the EL el enent 204 emts

| i ght 20Pmlug te disf fimtreappeitéra2b4h aThe gaerelentmsle o€ thpedrived TRINZ02isde tarflomting
potential of the nunber in row erasure gate signal line (Ge(n)) becones L

| evel stadg)dintinBe@fRelthd elcp@icgiitériial on thid1gate RMtrodd Bf Bhec@Liv@IEFFi20e dicet he
third TFT 2S3 drops. The electric potential of thegate el ectrode of the

“dri venrgdifhiséOfoml DO ARANRlalddSyBIRIR dsifPelMBc pOcAfdNFiid ¥Gp&QiRiidag by
t he fia‘F’slt ri:sapagi tg)[rD 254.N%\sa zfdyra“ésul t ,r tlﬁr;%c el e?:?r icc poténti aP of tthe gate

el ectr t ' : ol -} he
i ver Ty i g, £ 4R pocemee 48 o| Atk BAURMITIE, Sl BnBifind, "™, o
cutoff., The EL el enent thereafter not it light 20 In the next

su frétrr%ecg%lﬁ %%;aeftﬁ'gpﬂelng? hl‘%er%?fd(mﬁﬂ‘ét@cond TF17 252 turn on when
the nunber (m1) row gate_signal lin G(m_lc?) i s, selected, and the :
el ectric potent ireiultofhs digita H’E‘@ceﬁl@{"g auated prge by (MiBN repsivepamplitdaes
equal to the electric potential of the nunber in row gate signal |ine

( () rompapgation by| &g afoltageh eorapasisatigre cipotie thtoggh dfe swischingrddTl 2O, rapd is
erasure gate signal line (Ge(m) once again becones H level, the nunber in
r'ow gapplisi ¢naie gdtel ¢learads sfethecdrelr BRO 202 t Thy dfvet EFKI2§R1 il therbae )
signal is perfornmed. Image display is perfornmed by subsequently repeating
t hese npfasBAmEeS. on, BiXtbodégiRa drad chifer? ¥amBt eb@fnedBNUf act uring a |i ght

em tting device having the pixel shown in
i0 The electric potential applied to the gate electrode of the driver TFT 202 is thereafter
maintained by the capacitors 254 and 255, an electric currem flows, and the EL element 204
emits light.
In a subfrarﬁe period having an erasure period, the electric potential of the number m
row erasure gate signal line (Ge(m)) becomes L level, and the electric potential on the input
15  electrode side of the third TFT 253 drops. The electric potential of the gate electrode of the
driver TFT 202 also drops at the same time due to capacitive coupling by the first capacitor
254. Asaresult, the electric potential of the gate electrode of the driver TFT 202 falls below
the threshold voltage, the driver TFT 202 turns off, and electric current to the EL element 204
is cutoff. The EL element thereafter does not emit light.
20 In the next subframe period, the first TFT 251 and the second TFT 252 turn on when
the number (m-1) row gate signal line (G(mm-1)) is selected, and the electric potential of the
gate electrode of the driver TFT 202 becomes equal to the electric potential of the number m

row gate signal line (G(m)), namely L level. The electric potential of the number m row

erasure gate signal line (Ge(m)) once again becomes H level, the number m row gate signal
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5 Enbodi nent Mbdes 1 and 2 is discussed in Enbodi ment 2. A schematic

‘diagramof a light emtting device is showmn in Fig. 20A. A pixel portion
2001 is placed in a center portion of a substrate 2000. Although not shown
in particular in Fig. 20A, the structure of one pixel is the sane as that

shown in Figs. 1A and 113. A source signal line driver circuit 2002 for
controlling source signal lines, and gate signal |ine 10 driver circuits
2007 for controlling gate signal lines are formed in the periphery of the

pi xel portion 2001. One of the gate signal line driver circuits 2007 may
al so limef isravkesdtedn and Iwritingn of shaldigifal tilnegpisigahl jsoperfamed00imaes disglay iibed
above. Signals input fromthe outside for driving the source signal |ine
dri vempeffofmied by fidequentiy rdpastigathesegirgealurdsi ne driver circuits 2007 are

i nput through an FPC 2010. Signals input 15 fromthe FPC 2010 have snal

vol t age aaRindiydes. and therefore undergo the transformation of the voltage
anplitudes by level shifters 2006, and then, they are input to the source

signal lin ek%nglﬁcdf F&Hﬁﬁfiégﬁég %n@%ﬁtk@mﬂ‘?ﬁ dé&h&nﬁ!i lhg NBe BhieY Showd 11? UI ts

2007|n Enbodi nment ram omnn e structure o
rc lin cui sour e 5|gnal line driver CIrCUIt

g %@?O%? atsl\&g&esgd]ﬁf@? 15 P%SFé Hl§ ? latch circuits 20 1305, and
second latch circuits, 1306. Buffers are n t .sho in Figs. A and.20B, but
buffers may A schesmansdiagiams A drl'g qgiu&mgl ovigey s 14 %‘&Mﬁ%%h &%
downstream of the shift reglsters is large, for exanple. A source side
cl ock PortinmaPOQISEL klaced in gueantersparion @f gt Rubistraisr 2000 siAdHeneh Sof khywn dn
source side start pulse (SSP), a scanning direction switching signal (LR
a scamaitivylaliin Eig 20A, 35 ssuctucufroge ipixad it thd sang aatha( 4Ry, indngh. dAgintddB. | mage
signals (data | to 3) are input to the source signal line driver circuit.
ANDNY A BAE€e §ibA413ns drivBecifdu@cions ifgnantraNthe!so8rcs isiinkbl dsSendogate sipilline af t er
under goi ng anplitude transformation by the |level shifters 1301 and 1302.

T'lbe i e L dﬁts@(}ﬂt]rfgr ShHtfdlitidL@is @8l fifesSHOnied iffitRtS periftRrPBOihd 4Bt A

bl ock denote

portion 2001. One of the gate signal line driver circuits 2007 may also be formed on only
one side of the pixel portion 2001 as described above.
Signals input from the outside for driving the source signal line driver circuit 2002
and the gate signal line driver circuits 2007 are input through an FPC 2010. Signals input
15  from the FPC 2010 have small voltage amplitudes, and therefore undergo the transformation
of the voltage amplitudes by level shifters 2006, and then, they are input to the source signal
line driver circuit 2002 and the gate signal line driver circuits 2007 in Embodiment 2.
Fig. 13 is a diagram showing the structure of the source signal line driver circuit.
The source signal line driver circuit has shift registers 1303, buffers 1304, first latch circuits
20 1305, and second latch circuits 1306. Buffers are not shown in Figs. 20A and 20B, but
buffers may be formed, as shown in Fig. 13, for cases in which the load downstream of the
shift registers is large, for example.
A source side clock signal (SCLK), a source side clock inverted signal (SCILKD), a

source side start pulse (SSP), a scanning direction switching signal (LR), a scanning direction
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5 by reference nuneral 1400 in a block diagramof Fig. 14A is a pul se
output circuit for outputting one stage portion of sanpling pul ses. Shift
registers of Fig. 14A are structured by n stages (where n is a natural
nunber, | < n) of pulse output circuits. Fig. 14B is a di agram show ng the
structure of the pulse output circuit in detail. TFTs 1407, 1408, 14009,
and 1410 are switching TMforned for switch over of the scanning 10
direction. Switch over of left and right scanning directions is perforned
- by the scanning direction switching signal (LR) and the scanning direction
Swi t csimitghing \ieveried signgh@IRY)] &6 digitiidmage sigailsl (dhita £ead 3)odre Sgan i thg sotbe
sanmpling pul se output is a first stage, a second stage, ..., a nunber
(n-1) sinalBne édivbr Firouitb eAnidns tBGE sighalkl thelclockQigraPXRT e sthird fddd 48 input
scanni ng, the sanpling pul se output is the nunber n stage, the nunber (n-1)

St ag€ 4fier undelghing mpFRae MHﬁB&Qﬁw %{#gh& Reell dhitfdrs $3A%Rd 139207 der. The pul se

out put circul body I's conposed rs 1401 to 1406, and a capacitor

L1l 10 heypul g, N o ﬂ;r%g sfe{J o FELERL A IREL K SABRE,URRER < 1o

a nat ur al ses rom nunber St age
se.,output circuit utpu es fr nunber, (k+l) stage pul se
uP pubTeRtac Bterh o0 o hicBk ehEdmmidiobizoddant T oyt oo RS B aoa,
and gate el ectrodes of the TIZI's 1402 and 1403, respectively. Note that
st ar t YRUEEE onestage RORigNRf fampbing palsght Shift argiyierg o6 Figs. 1¢Aaueritycured byngd
1404 when k=I, namely in the initial stage pulse output circuit, and that
start nldgse{wiapn inn gaturgl momtbor, tihen)yeft sl catriut otedtsof  t he TFTs 1402 and
1403 when k=n, nanely in the final stage pulse output circuit. Hlevel is
Jinput to thé?-igc]aa‘miimg diagraat stowisgitlicc binrgursicfnat pulsk)outg@ndeitcult éualetdils i nput
36 to the scanning direction switch over inverted signal (LRb), in scanning

in thqmrmm di408] 1RRL bR 14ir¢1§reEEF§:h&@G[7F1§ern&éhll@r ERREICHRITDf th ftafing and
out put pul ses fromthe nunb (k-1) stage pulse output circuit are |nput

tqpt heyg . els‘%ﬁwhoﬁj«%? oqfl rr% %dT tssczlné}l(i)ré%aﬂgr[tr%ﬂg % cr%}n{claebepm%esrcaglﬁﬂ

out put pul ses fromthe nu sta ul'se output circult are 1nput to
direction switching signal (LR} and the scanning direction switching inverted signal (LRb).

For forward direction scanning, the sampling pulse output is a first stage, a second
stage, ..., a number (n-1) stage, and a number n stage in order. For reverse direction
scanning, the sampling pulse output is the number n stage, the number (n-1) stage, ..., the

15  second stage, and the first stage, in order.

The pulse output circuit body is (_:o'mposed of TFTs 1401 to 1406, and a capacitor
1411. In the pulse output circuit for a certain number k stage (where k is a natural number, 1
< k < n), output pulses from the number (k-1) stage pulse output circuit or output pulses from
the number (k+1) stage pulse output circuit are input to gate electrodes of tﬁe TFTs 1401 and

20 1404, and gate electrodes of the TFTs 1402 and 1403, respectively. Note that start pulses
(SP) are input to the gate electrodes of the TFTs 1401 and 1404 when k=1, namely in the
initial stage pulse output circuit, and that start pulses (SP) are input to the gate electrodes of
the TFTs 1402 and 1403 when k=n, namely in the final stage pulse output circuit.

H level is input to the scanning direction switching signal (LR), and L level is input
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5 the gate el ectrodes of the TFrs 1402 and 1403. A case of forward scanning
is used as an "anple here for explaining detailed circuit operation.

Pl ease refer to the timng chart shown in Fig. IS. In a certain nunber k
stage pul se output circuit, output pulses fromthe nunber (k-1) stage

pul se output circuit are input to the gate electrodes of the TFls 1401 and
1404, which 10 becone H level (start pulses are input if k = 1, nanely for
the initial stage). The TFFs 1401 and 1404 turn on (refer to Fig. 15,
reference nuneral 1S01). The electric potential of a gate electrode of the
TFT 140 %hd scpmiingedirsgidnoswiteh WRB fivdaed rsgfnal (LRb)Fiig.scdining éd ehe demvandinmer al
1502), and the TFT 1401 turns off and is placed in a floating state at the

poi nt dib&ich. t e BFBCI407Car01 Ak ihatefdie GaMHEsn, ¥R outpht phisesTHBmvdk tragdcpet ween
a gate and a source of the 15 TFT 1405 is great er than the threshold val ue

at thi 4 , S are
not y §1 Q{ %?Pgseﬁ]@ﬁg"g‘?é“é egl?r ogjes o%%ﬂ: l@%éggg%?gﬂﬁﬁo%wmmﬁ ch

remai re ref re | a | i ential
of s ga‘ﬁ& o bR e Bl B ol cRGERe iR T oy
off. The electri te tput terminal (SR out) of the pul se
ou?pulthecgﬁrt%ﬁkeftr‘i"ge ﬂ%@%%@&@ﬂga@#he VDD side in 20 accordance with the
cl ock signal (SCLK or SCLKb) input to an input electrode of the TFr _ 1405,
beconi ng H Hevase of ferwerd seanping is uspd asansxampls hetpdor gxplaigam) detailedigicyit st at e,
however, the electric potential of the output termnal (SR out) of the

pul seOQt:lItapiun. cPleassi refed toothe timing lbart st indFig.Hdeshol d val ue with respect to
the electric potential VDD VthN of the gate el ectrode of the TFT 1405, and

- only an incrneaserthia ndiber k2(age pv)se iohtpalo tacuie dutpd¥ pulkss feapaled fonbek4R-1) i S
f or med bet ween the gate electrode and the output electrode of the TFT 1405

here, spipd [kc"iﬂﬁ'[bdt'&r@uit tanemgﬁi ® @k %fe"é}&@mﬂf:s bihthe TETs 140D ah8 1404 awhicRat i ng

state. he el ectric potential of the gate el ectrode of the TFT 1405 i s

L8 euBisind Y DA (A pufdls UR. AT 10D armdhy e e fftfs 6RBACT e Tt 404 0N

wi'th the rrsern ctrictpotentia e out put

and 1404 turn on (refer to Fig. 15, reference numeral 1501). The electric potential of a gate
electrode of the TFT 1405 is pulled up to the VDD side (refer to Fig. 15, reference numeral
1502), and the TFT 1401 turns off and is placed in a floating state at the point where the
electric potential becomes VDIj - VthN. The voltage between a gate and a source of the

15  TFT 1405 is greater than the threshold value at this point, and the TFT 1405 tums on. On
the other hand, pulses are not yet input fo the gate electroldcs of the TFTs 1402 and 1403,

. which remain at L level and are therefore in an off state. The electric potential of a gate
electrode of the TFT 1406 is therefore L level, and it is turned off. The electric potential of

an output terminal (SR out) of the pulse output circuit is thus pulled up to the VDD side in

20  accordance with the clock signal (SCLK or SCLKDb) input to an input electrode of the TFT
1405, becoming H level (refer to Fig. 15, reference numeral 1503). In this state, however,

the electric potential of the output terminal (SR out) of the pulse output circuit drops further

by the threshold value with respect to the electric potential VDD-VthN of the gate electrode

of the TFT 1405, and only an increase to VDD - 2(VthN) is obtained.
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5 terminal (SR out) of the pulse output circuit, nanely the rise in the

el ectric potential of the output electrode of the TFT 1405. |In accordance
with this operation, the final electric potential of the gate el ectrode of
the TFT 1405. becones higher than VDD + VthN (refer to Fig. 15, reference
nuneral 1502). The electric potential of the output terminal (SR out) of
the pul se output circuit is not influenced by the threshold val ue-of the
TFT 1405, and 10 increases normally to VDD (refer to Fig. 15, reference
nuneral 1503 Pul ses are simlarly output fromthe nunber (k+1) stage

pul se out put ltﬂwefiltor(ll“réi & forged Pﬁfgleell@f: ga¢¢ eleetradds andribe antpadadtrody

nunmber (k+1) stage output pulses return to the nunber k stage and are

i nput the TEHel4fatlerelandtin addisionfthe igete Biefsrodd 02tharTFIL 448 isThe felatiog state.
potentials of the gate el ectrodes of the TFTs 1402 and 1403 becone H | evel,

and t Meneldtddtrid potkA@d ok deAOSlctttdde dTthe THE 180 Rthdrefopofuemb @lliedfuptif@ngat e
el ectrode of the TFT 1405 is pulled down to the VSS side, and the TFT 1405

turns @hiy . %gvlb anees M@; im a%r?gtc\’ivfth thPRER hakieliric ﬁd@&ua%eﬂelcﬁﬁmode of
the TFT 1406 bec eve and the TFT 1406 turns on. el ectric

burpurCpR #ﬂ“ggﬂt&gﬁfé&s oL A i e W@ﬁ?ﬁaiﬁf%ﬁ%iﬁ%‘ﬂeﬁgvm :
fvfﬁa?r@eéﬁ celegod s HopaP Dy Pl & 2t tiers vip tﬁar"q%ﬁe{@%'s@?sa Rebprgron the
scannin I n the final stage, a return pulse is not input fromthe next

st age, Pok§dial A st gl CleRgodcopLbR THIGHQS besamen higker thapVRH YN (redidR t he
TFT 1405 (refer to Fig. 15, reference nuneral 38 1507). The out put pul ses

-of t heFigi Halrefrenye nualesd ﬁ@ﬂputﬂm qlentiic potsatidfcdrtbe enipnbierbinali €y ony of
sanpling pulses. Simlarly, the initial stage output pulses are final
out putthpputeesolitput casds iDhot ieUensal Hy rtaettheshald anhiengf tenTFThe405, amd
cannot be used as sanpling pulses. In the circuit shown in Enbodi mnent 2,
the shhélades Gbihaly loSVDDREGEOLEFISITSfdisteRe nididigl 1808)nber of pul se
Pulses are similarly output from the number (k+1) stage pulse output circuit (refer to
Fig. 15, reference numeral 1504). The number (k+1) stage output pulses return to the
number k stage and are input to the gate electrodes of the TFTs 1402 and 1403. The electric
potentials of the gate electrodes of the TFIs 1402 and 1403 become H level, and the TFTs
15 1402 and 1403 tumm on. The eleetric potential of the gate electrode of the TFT 1405 is pulled
down to the VSS side, and the TFT 1405 tums off. Simultaneously, the electric potential of
the gate electrode of the TFT 1406 becomes H level, and the TFT 1406 turns on. The
clectric potential of the output terminal {SR out) of the number k stage pulse output circuit
becomes L level.
20 | Puises having amplitudes between VDI - VSS are then output one after another by
similar operations up through the finai stage. Circnit operation is also similar for reverse
direction scanning.- |

in the final stage, a return pulse is not input from the next stage, and thercfore the

clock signal continues to be output through the TFT 1405 (refer to Fig. 15, reference numeral
38 |




5 output circuits equal to the necessary nunber of stages, plus tws. The
pul se output circuits at both ends are handl ed as dummy stages (pul se
output circuits to which the buffers 1304 are not connected in Fig. 13
correspond to the dummy stages). Even so, it is necessary to stop the
final output by some nethod before the next horizontal period begins, and
therefore the final output is stopped at the point where the start pul se
for the next horizontal period is input 10 by using the start pul ses as
initial stage inputs and final stage period inputs. Figs. 16A and 16B show

t he st1307).ureheobutpitepdistsicgnte fisdl4tapggmhldenouthR didc@idthepfbtd dddgot BewdeiensOf
Enbodi nent 2. As shown in Fig. 16A, this is a structure having four stages

1601  dathph@ Pulsty! Ysildirll, ths tnifli1a8el ottt P Se iﬂﬁQ%utﬂl?tBﬁ?Acg f&lﬁagéét%ft ¥Eg'

The second and subsequenht stages are two I nput, two o types. 1
circui : ik t [ i 5. sh i neFi.g. . :

S gnal 5L URLALR Sl AR hiBfor Rty 8 sed 80 b Gik B H 1 W R

el ectrode of TETL 1651 i|,s ,connected to an input electrode. ,If Hlevel is
Cnput S6vpre Embadiuient ¢, bt regiHe” peiberelere st Bine & ghimtien of B TrTs
in an on state, then the electric potential of a gate electrode of a TFT
1653 HUHBMHELIcrity eyt to Hiegessyryugher of siagesu PstWPer Hhe anlse gutppt Biseites L
level. If L 20 level is input to the gate el ectrodes of the TFTs 1652 and
1654, athethrams aphandlsidras dupenyystages (phlse pripdeciemits &nwhivpuhe buffers 13Gkamsf t he
TFT 1651 are connected, the TFT 1651 is normally on, and therefore the

el ect ria cpoeendd ial Figf 13 bargposl &l thetdunney sthgdshe H¥eh sbb#3s messsary $b giopar t o
the above-stated case of the shift register, there is capacitive coupling

due t otha fiz@Paetphoby 48RS metiRiibdfbR BB hBM hdrhehel pefodBERME antlthavpls th39 Not e
that the relationship between the TFT 1651 and the TFr 1652 is as follows: -

t he gag ; ‘ t ed,
e, SnupLpLoB! pral bhao B LSy gl Tod BB AR 00,

0, AR R 1 s BRI g porent il of che
Figs. 16A and 16B show the structure of the buffers 1304 used in the light emitting
device of Embodiment 2. As shown in Fig. 16A, this is a structure having four stages 1601
to 1604. Only the first stage is a single input, single output type. The second and
subsequent stages are two input, two output types.

15 The circuit structure of the initial stage unit 1601 is shown in Fig. 16B. Signals are
input to gate electrodes of TFTs 1§52 and 1654. A gate electrode of a TFT 1651 is
connected to an input electrode. If H level is input to the gate electrodes of the TFTs 1652
and 1654, placing the TFTs in an on state, then the electric potential of a gate electrode of a
TFT 1653 becomes L level, and as a result, an output terminal (out) becomes L level. If I,

20 level is input to the gate electrodes of the TFIs 1652 and 1654, the TFTs turn off. The gate
electrode and an input electrode of the TFT 1651 are connected, the TFT 1651 is normaily on,

-and thérefore the electric potential of the gate electrode of the TFT 1653 rises. Similar to the

above-stated case of the shift register, there is capacitive coupling due to a capacitor 1655,

and the output therefore becomes H level.
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5 this state, and therefore it is necessary to design the channel w dth of
"the TFT 1651 to be snaller than that of the TFT 1652. It is sufficient if
only one gate electrode of the TFT 1653 has the capability of being :
charged, and therefore the channel width of the TFT 1651 may be set to a

m ni nrum val ue. Furthernore, increases in electric current consunption due

to the penetration path anmong VDD, the TFT 1651, the TFT 1652, and VSS in
a period during 10 which the TFT 1652 is on can be reduced to a m ni mum by
making the TFT 1651 smaller. Fig. 16C shows the structure of the unit

Circuit usedNd® thitahs egl@ishsBipdhdt@tal (et BFRI651 kiddie TPTI1H52da ke fell@cd:r ode
of the TFT 1652 is simlar to that of the initial stage, and in addition,

- the Prigy g&\:‘%leﬁx%ﬁ@ ahd B4 mt;ét dS2Ddadf A TRY 865 £l dRHECtED ahl eheddbR: BdRCE T ode
of the TFT 1651. The TF1l7s 1651 and 1652 are thus excl usively on and off,

' esDeéEfié, gjﬁfggn& D& JI%'Ip L1 AGHO O BASThed Rtk IR P 1§§§mTEsT fé.B5itFlst he

TFT 1 can be e nate ruc ure o

17A to 17D s Wstru tures of Sl ey, a start
oul se HCF%%?%HYEH*'&% oS of e ﬁ %ﬂ}%a tﬁﬁﬁ@@ fodfec ‘}“L LSeen: o-
The basjc structure has _four sta a |level shifter r i al, stage,
an@ buhbetaes g theelferdh h%ﬂ%Fﬁﬁﬁaﬂb? éﬁiagﬂset%g%el wigth ¢f ﬁm @[flftlgﬂ i@ be
aforenmentioned buffer circuits. A signal having an anplitude of VDDLO - VSS
i s i npmallentiandhat @fitipUTFEL6FA] Ihissufftrient ibenly preigate glectppily of hesTFISI658t ai ned
(where JVDDLQJ < IVDDI here). Regarding the clock signal |evel shifter,

t he i riskitld caplabiliey bBbéing okarpefyuhd tteneforuthp ghartngpwidtivof e THE 16FConag bend
~subsequent stages are two input, one output types. The clock 40 signal

| evel shid b efigindit vafRd FOfhérRioe) nérbcinil BRbtrichkst dorsemptiviedaed theput s.
The start pulse Ievel shifter has a structure simlar to that of the

g{ gfggfﬁ%pu ﬁnﬁ,ld veI i Yéﬂrﬂfltg@ ;ﬁgg&#@wtﬁe FETUES9S! Gnd!SBSh i at 8ol i/
10 which the TFT 1652 is on can be reduced to a2 minimum by making the TFT 1651 smaller.

Fig. 16C shows the structure of the unit circuit used in the second and later stages;
Input to the gate electrode of the TEFT 1652 is similar to that of the initial stage, and in
addition, the previous stage input is used as an inverted input to the gate electrode of the TFT
1651. The TFTs 1651 and 1652 are thus exclusively on and off, .respectively, and the

15  penetration path between VDD, the TFT 1651, the TFT 1652, and VSS can be eliminated in
the structure of Fig. 16B.

Figs. 17A to 17D show structures of a clock signal level shifter (A) and a start pulse
level shifter (B) used in the light emitting device of Embodiment 2. The basic structure has
four stages, a level shifter for an initial stage, and buffers for the second and follqwing stages,

20. similar to the aforementioned buffer circuits. A signal having an amplitude of VDDy o - VSS
is input, and an output signal having an amplitude of VDD - VSS is obtained (where {VDDj g
< |VDD| here).

Regarding the clock signal level shifter, the imitial stage is a one input, one output

type, while the second and subsequent stages are two input, one output types. The clock
' 10 :




5 17C, while the, unit circuit structure for the second and subsequent
stages is shown in Fig. 17D. The circuit structure and operation are
simlar to those shown in Figs. 16B and 16C, respectively. 'Me only point
of difference is that the anplitude of the signal input in the initial
stage is VDDLo - VSS. A TFT 1752 turns on when the signal input to a gate
el ectrode of the TFT 1752 is H 10 level (for cases in which the absolute
value I'VDDLo - VSSI of the anplitude of the input signal is certainly
greater than the absolute value jVthM of the threshold value of the TFT

1752) sighFle@iehtfidreal k&M alakifg the Skl flpREinRAGvateddngitd. 1753 is pul led
down to the VSS side, and therefore L | evel appears at an output term nal

(out). On't r i i i of the
TFT 1752 is e?%i%lp,“ﬂ? vl hittdhos 4 Bffure @Hg?’f‘% HAE o 3he aBhEibiiAiEy
poten&hﬁ% of the gate electrode of the TFT 1753 is pulled up to the VDD

si de, lf:SC)ugh the TFT 1751. Subsequent operations are simlar to those of
the aforementioned. buffer. Thisg.level shifter structure has.a . _.

Char act er | s i SsrcpR B el gnaie bt Be IR Hifet Bebdend figr e

el ectrode in contrpILin% the TFT 1751 connected to the high electric
pofentli7&) wiolg the gait( stigetypre fo5ibe serond |apd suhtequpricRiages 1H e ihFigf t he
gate el ectrode of the TFT 1753 can be pulled up, no matter what the

t hr esAdDd Vieumrcoit strnetuicFand] getatios, are wamildrfto tthese shpivitindigs. d6Btand lithput
signal is small. A high anplitude transformation gain is therefore

obt ai negpectively. Ithestiwpoieisdititiehey & bt theearfiplitede bhtlehsighalciupit iandet he
second latch circuit used in the light emtting device of Enbodi nent 2. As

shown ihifiadtSpe 6 VBD@, -S¥ggict ure conposed 41 of a storage portion in which
‘two inverters are connected in a | oop shape, and a switch for <controlling

sLorae | mog 159 GERSIANSILLSLANR 6 SIATRL SR BesPraB Rl 05
oA 7 b, SUTAS SRR e ot 2 b

signal is certainly greater than the absolute value |VthN| of the threshold value of the TFY

1752). The electric potential of a gate electrode of a TFT 1753 is pulled down to the VSS
side, and therefore L. level appears at an output terminal {out). On the other hand, if the
signal input to the gate electrode of the TFT 1752 is L level, then the TFT 1752 turns off, and
15  the electric potential of the gate electrode of the TFT 1753 is pulled up to the VDD side,
through the TFT 1751. Subsequent operations are similar to those of the aforementioned
buffer.
This level shifter structure has a characteristic that the input signal is not directly
input to the gate electrode in controlling the TFT 1751 connected to the high electric potential
20  side (VDD side). Consequently, the electric potential of the gate electrode of the TFT 1753
can be pulled up, no matter what the threshold value of the TFT 1751 is, even if the amplitude
(;f the input signal is small. A high amplitude transformation gain is therefore obtained.
Fig. 18 shows the structure of the first latch circuit and the second latch circuit used

in the light emitting device of Embodiment 2. As shown in Fig. 21A, a strdcturc composed
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5 structured by an inverter and a capacitor. The electric potential of a
signal input to the inverters of a first latch circuit (LAT1l) and a second
| atch circuit (LAT2) is stored by the capacitors. The sinplest structure
in Fig. 21Cis used in Enbodinent 2. The latch circuits showmn in Fig. 18
are structured such that one n-channel TFT replaces an anal og swi tch of
Fig. 21C, and an NMOS inverter conposed of four n-channel 10 TFTs and a
capacitor replaces a CMOS inverter. If a digital imge signal is input
(data in) froman input electrode of a TFT 1850, and a sanpling pulse is

i nput of puiaragd pYrtipp im vgattetved @vicrtodiegre tconmicreg inheloGp Fh4B5@nda, swifckriot he
digital image signal is input to an inverter conposed of TFTs 1851 to 1854
and aco@paling storagd Smbng,lihe gpadral dthuctirs as My exdngile o Goriveaticial) TMOS Sat€hit put .
Further, the digital inage signal is 15 stored using a capacitor 1856. The

di g1 t @lrodifToaR AARAH thesilcite W RiGeRIB Nkt ADIFBYAIEModbirdileafof@ngk | at ch

circuit by simlar operations in accordance with a |at'ch pul se (LAT) i nput
timng,.Fig..19 i .Gi=ag S oW i ' r f a.gate signal
l'ine %Viegeafg & ‘?xcajtl}lﬁ)tla dﬁlgéﬁg(g}l% SI glnc;]lés:flﬁbr%A @f%{vﬁg}lﬁ%’i %#{"%ﬁgé’ Ogl S ia??
register .19 and.a buffer, 1904..20 at.e side, cl.ock. signal . K),. a gate
(e et RERY avaléy ol 4 ko e Selc POeRiRCSs 5 TEHRl i el are
input .to the gate sigpal |in fver circuit. The inpu ignal s, are input
af ter HtYﬁH@?Sg%é’ ﬁ@rﬁdﬁﬁcpt%@tt(‘féﬁﬁ Gtk ?feﬂn%iatfffbe'éwns ATr8 sise b fbe 1902,
Note that the shift register 1903, the buffer 1904, the start pulse |evel
shi f t 6rpatdoms, Thadimmest siretkredn &g 21Cag usedsihiBmbadimetd2. are simlar to those ™

used in the source signal line driver 42 circuit, and therefore an
expl anat i onTht lbtkekidircaits shown enalfig. dPedratsirocturesl ouwht thed ol nechatmel I 19, a
gate signal line of a row denoted by a reference synbol cc is forned as a

dumy r&ilags ahemawgsswitchi dfsitigl 2VC,0AndPak BIMOS dfivdiRt colbaded ¢faber ficHadlel | | ne
sel ection pulse input for the previous row.
10  TFTs and a capacitor replaces a CMOS inverter.
If a digital image signal is input (data in) from an input electrode of a TFT 1850, and
a sampling pulse is input (pulse in) to a gate elecirode, turning the TFT 1850 on, then the
digital image signal is input to an inverter composed of TFTs 1851 to 1854 and a capacitor
1855, the polarity is inverted, and the signal is output. Further, the digital image signal is
15  stored using a capacitor 1856.
The digital image signal is also written into, and stored in, the second latch circuit by
similar operations in accordance with a latch pulse (LAT) input timing.
Fig. 19 is a diagram showing the circuit structure of a gate signal line driver circuit.
The gate signal line driver circuit has a shift register 1903 and a buffer 1904.
2 A gate side clock signal (GCLK), a gate side clock inverted signal (GLKDb), and a
gate side start pulse (GSP) are input to the gate signal line driver circuit. The input signals
are input after undergoing amplitude transformation by level shifters 1901 and 1902.

Note that the shift register 1903, the buffer 1904, the start pulse level shifter 1901,

and the clock signal level shifter 1902 are similar to those used in the source signal line driver
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The di splay device introduced here and manufactured by using driver
circuits and 10 pi xel s shown in Enbodi nent Mbdes | and 2 is structured by
usi-ng only TFTs. of the sane conductivity type, and therefore a portion of
a dopi ng process during nmanufacturing can be elimnated. In addition, it
beconmes possible to reduce the nunber of photomasks. It is also possible
to resolve the problemof an increase in consunption current due to an

et hod, e R B E b Bl BB oyl B g 6
signal lines are explained in, Erbadi ne 1, but with this type of pixel,
sel ection ti nf‘h@gf@ At ?‘E@aqdléPQ?éif@Wg’l[eﬂ?tPﬁgx adpieredes SYmboh & is fopmedas a
timng for erasure gate signal .lines. In addition, the pulse shape al so
di f f er sQumRy SEagsecatsha fist roweo! pixplgygancnatioftain gate signalrlingeselection pilss inpabwn
in Fig. 20B which are, disposed on both sides of the pixel portion may be

st r uct ufosdhe@resiows faw.ng .gate signal line driver circuit, and the other nmay
be structured as an erasure gate signal line driver circuit. Crcuit

struct ures nayhddisplayi deaicet introdived hetx phdinR@dfacurddbe dsHRriver cBBflits and
therefore a detail ed explanation thereof is omtted here.- 20 [ Enbodi nent

4] Thi s gxdiodioventn inbedinent Muded Plind MsiAuciRED 8¢ W8k %@Ufrﬁ‘f’ WE Qg, [ T or
driving circuit provided in a pixel portion and 1n tﬁe eri phery of e

pi xel palohowtikiey TRE, and Eﬁb@efﬁ@”@;poﬁféﬁ%fraaﬁgpin4%{4%}3&5&{1& Smgm%gurinlrg]i %ilolgbe 6A,

a base film5002 is formed froman insulatin I'm such ‘as™a"sli noxi de
Subst r e 00T Mk, i bb PRt B Hullrel B bR Sk ass
typi cal xR kEreRiviMhe Probisin of an increase in consumption current due to an expanded signal
10 amplitude by using circuits that apply the bootstrap method, as discussed above.
{Embodiment 3]

_ Pixels having erasure gate signal lines are explained in Embodiment 1, but with this
type-of pixel, selection timing for writing gate signal lines differs from selection timing for
erasure gate signal lines. In addition, the pulse shape also différs. Therefore, one of the

15  gate signal line driver circuits shown in Fig. 20B which are disposed on both sides of the pixel
portion may be structured as a writing gate signal line driver circuit, and the other may be
structyred as an erasure gate signal line driver circuit. Circuit structures may be similar fo
those explained in Embodiment 2, and therefore a detailed explanation thereof is omitted
here.

20
[Embodiment 4]

| | This embodiment gives a description on a method of manufacturing TFT5 for driving
-circuit provided in a pixel portion and in the periphery of the pixel potion formed on the samé

substrate.
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Corning # 7059 gl ass or Corning #1737 gl ass (product of Corning

I ncorporated), or of alum noborosilicate glass. The base film5002 is, for
exanpl e, (not shown) a lam nate of a silicon oxynitride filmthat is forned
fromSi H4, NH3, and N20 by plasma CVD to a thickness of 10 to 200 nm
(preferably 50 to 100 nm and a silicon oxynitride hydride filmfornmed from
Si H4 and N20 by plasma CVD to a thickness of 50 to 200 nm (preferably 100
to 150 nn). A sem conductor film having an anorphous structure is
crystallized by laser 10 crystallization or a known thermal

crystal | i zathigg asshdedl id Bigf GAM Baseriist AR iR rRedTandUat4atidd filfd suthes
crystalline sem conductor filmnmakes island-Iike sem conductor |ayers 5003

to  5Q0g1icdh8xilis iandalsitledn SRiae TNy qh@ fa éll%b%r(ﬁ(yﬁ&@& Eﬁn %90§ BachibBAME 2
t hi ckness of 25 to 80 nm (preferably 30 to %atlon |s put on

the chajse ofe BmGhlAlo0ds e by ptﬁttt'beposuast@gﬁ %3‘? o hidizn ne

- preferable use sill I con gerna
-crystalline ductor fllnt or,med cryst Illza n, pul se
oser Tt t?e{@é%@a%ﬂt R0 t@a@ B (ol ey wﬁé PisaizpRieB o8| cer
i's usgg? g Ilght emtted froma | aser as those iven in the above is
desi r ¥pinegPIosilicalg glaseo Lhe basefilnne¥fls ispipr sxampie; @8l skeyapentapunats af a
irradiating the seniconductor film Conditions of crystallization are set
sui t alsiljcopypxynitadretibn thet isHiowesdrom| JiHaNHyx @ndbhO bygdesmasClBed a thigkngsal se
oscillation 20 frequency is set to 30 Hz and the | aser energy density is

set t @fl0Got200460 (prifecably 5@ ywpl@hhiny an® B6ilicon 80¢himidle diy)ide fifm dorR@ fkaser i.s
-used, second harmonic thereof is enployed and the pulse oscillation

- £ equESIEY ah$ NsGtb gtzmashlat@vmolshmcmmsk@fsetd ztttnuhtllﬂef 16M&Y THO fRNSi ty to
300 to 600 mi/c (typically 350 to 500 mJ/cnR). The laser light is

col l ected i N4 Osegnibddiadior M hab iy 28 :?rnéﬁ’gﬁ&tlfk QbR f© cﬂ;@&@hﬂ'éd”b MQder

exanple, 400 a m to irradiate the entir substrate The subs rate is
‘ot]tqg(rjlcgﬁﬁﬁg#%)\?le&rr:&glﬁd r ae‘tﬁ%ﬂa?%%te{d&g@%%ﬁ\g ({1}3% gat S?%g{lf% ?‘E?Eﬁ(g&”% m 5006
Is f Orfﬂl%q Sﬂleagrygtglh%g ngrltn(;[orr]t uctcSJrl ?ipm makes island-like semiconductor layers 5003 to

5005. The island-like semiconductor layers 5003 t0 5005 each have a thickness of 25 to 80

nm (prefetably 30 to 60 nm). No limitation is put on the choice of material of the crystalline

semiconductor film but it is preferable to use silicon or a silicon germanium (SiGe) alloy.

15 When the crystalline semiconductor film is formed by laser crystallization, a pulse
oscillation-type or continuous wave excimer laser, YAG laser, or YVOy laser is used. Laser
light emitted from a laser as those given in the above is desirably collected into a linear beam
by an optical system before irradiating the semiconductor film. Conditions of crystallization
are set suitably by an operator. However, if an excimer laser is used, the pulse oscillation

20  frequency is set to 30 Hz and the laser energy density is set to 100 to 400 mJ/cm” (typically
200 to 300 mYem®). If a YAG laser is used, second harmonic thereof is employed and the
pulse oscillation frequency is set to 1 to 10 kHz while setting the laser energy dertsity to 300
to 600 mJ/cm® (typically 350 to 500 mJ/cmz). The laser 'iight is collected into a linear beam

having a width of 100 to 1000 & m, for example, 400 &t m, to irradiate the entire substrate.
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sem conductor |ayers 5003 to 5005. The gate insulating film 5006 is formed
froman 5 insulating filmcontaining silicon by plasnma CVD or sputtering
to a thickness of 40 to 150 nm In this enbodinent, a silicon oxynitride
filmhaving a thickness of 120 nmis used. Needless to say, the gate
insulating filmis not limted to a silicon oxynitride filmbut nmay be a
single layer or a lanminate of other insulating filns containing silicon.
For exanple, if a silicon oxide filmis used for the gate |nsulat|ng film
the filmis forned by plasma CVD in which 10 TECS (tetraethyl

or t hosyHel seiBéteake isSirratiaed with theQheanEsdr h%hf Qa6 thObeapis@fBHEpihg eshlothe A0 Pa,
the substrate tenperature to 300 to 400 the frequency is set high to

13. 5@111'\4?‘%11_[;%{’5@10"&?%099‘9@% density is set to 0.5 to.0.8 Wen for electric
di scharge e silicon OXIde fllnlthus formed can provide the gate

| at f t t . j
(nsulating Dt W ARSI RaRRL B RS s ok WP RS |
5006, a first conducti f|| 007, and, a.se . tive fil 5008for
For i (GTERIEPEEEGH 0% 8. TG e 111 RUEORG U RV i fimid Bpm
conductive film5007 js a Ta filmwith a thickness of. 50 to 100 nm and the

seondneu#Hingdilm eontginingsison by plasmpy CYParipederinsde p dugkacss of 401@01%'%00 nm

(Fig.A). The Ta filmis forned by sputtering in which Ta as a target is
sput t dné¢his wmbhdiment,lasili@n adynisrideafien hawingp gfndpessefd 28mpuistused. Xdeasfeskr i s
added to Ar to ease the internal stress of the Ta filmand thus prevent
the Taofsky,nhé pamipeddtingdilef fs. nof tienitedso stsiNconyoxyhitddeTtiloh butmmiap ba gpdiagle is
about 201.1. Qcmand is usable for a gate electrode. On the other hand,

- the ragjetdrVd lamiahtedof diBer mkmmqug fifnplameinify ahicid 30 eﬁaﬁpmmlfamlucsnnot
- suitable for a gate el ectrode Ta film in a phase can readily be

obt ai Qﬁ‘i’dé"flﬁ'ﬁ' L e\ﬁtéT%N? 1ﬁsma@1¥1 ¢, e ﬂlprpiét fotfed 9{ %@asﬂ'm EiR fRicred

fromtant umnitri as acrysta structure approxwrateto
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substrate temperature to 300 to 400°C, the frequency is set high to 13. 56 MHg, and the power
density is set to 0.5 to 0.8 W/cm® for electric discharge. The silicon oxide film thus formed
can provide the gate insulating film with excellent characteristics when it is subjected to
subsequent thermal annealing at 400 to 500°C.

15 On the gétc insulating film 5006, a first conductive film 5007 and a second
conductive film 5008 for forming gate electrodes are formed. In this embodiment, the first
conductive film 5007 is a Ta film with a thickness of 50 to 100 nm and the second conductive
film 5009 is a W film with a thickness of 100 to 300 nm (Fig.A).

The Ta film is formed by sputtering in which Ta as a target is sputtered with Ar. In

20 this case, an appropriate amount of Xe or Kr is added fo Ar to ease the internal stress of the Ta
film and thus prevent the Tz film from peeling off. The resistivity of a Ta film in @ phase
is about 20 £ Qcm and is usable for a gate electrode. On the other hand, the resistivity of a
Ta film in B8 phase is about 180 4 Qcm and is not suitable for a gate electrode. A Ta film

in & phase can readily be obtained when a base with a thickness of about 10 to 50 nm is
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may be formed by thermal CVD using tungsten hexafluoride (W6). In either
case, the W 5 filmhas to have a low resistivity in order to use the W
filmas a gate electrode. A desirable resistivity of the Wfilmis 20it Qm
or lower. The resistivity of the Wfilmcan be reduced by increasing the
crystal grain size but, if there are too many inpurity elenments such as
oxygen in the Wfilm crystallization is inhibited to raise the

resistivity. Accordingly, when the Wfilmis formed by sputtering, a W
target with a purity of 99.9999%is used and a great 10 care is taken not

to al lfenmddnipsthitbhiiom Rittide(RaN) tha Hak % drfstilneruWitd Apprbsiang: fomarsk thee a
result, the Wfilmcan have a resistivity of 9 to 20 IL Qcm Although the

first ﬁ%dﬂcﬁihlve film5007 is a Ta filmand the second conductive film
5008 |s a Wfilmin this enbodiment, there is no partlcular limtation. The

conductive p
consi sting ?Puﬁ ﬂlw}éh%ﬁnéfﬁﬁﬁg%&@%gﬁ@@?tt % %'%gnat{vgt?i a e%’?hgrgrrpound
mat eri al ont ai ni he. el enent s m con
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el enment - such_as phosphor us, .may be used jnstead. Ot her desirable

coftbi AIEAL BverhIKaY [esisEVIthin Qer toryse dhe Wi a bgalecioradsi A deRikble t han
t he one shown in this enbodinent include: tantalum nitride.(TaN) for the
first resistitit of vhe Wi film BOW7Z: Sran oy fosver.t HBhestsgistviticefilie Y i cei barsosl 20
tantalumnitride (TaN) for the first conductive film5007 and Al for the
seconthycoodudng vie cfyistaingddif Sjzeaimd, ifathiesd wm wotmade ifhifally dlaneittheuéh nst
conductive film5007 and Cu for the second conductive film5008. Next, a

- r'esi Stox§EekinTROW ifBmf efyiRbizhEorc RrihNibaed td Higlthe t@iivgy.l r Aador@iRklyf @hed Or m ng
el ectrodes and wiring lines. In this enbodi nent, |ICP (inductively coupled

Pl asmeye Q! fildh Rofofficd %K/I_gﬂ'tésbgge? W té’f@ét%ti@g‘ﬂmﬁ @9299%% 2y d&@&j afiPa gﬁé‘at" ng

gas and an RF(13 500 Wis given to a colled el ectrode at-
S SR e RS AT A ) o
the W film can have a resistivity of 9 to 20 £ Qcm.
Although the first conductive film 5007 is a Ta film and the second conductive film
5008 is a W film in this embodiment, there is no particular limitation. The conductive films
may be formed of any element selected from the group consisting of Ta, W, Mo, Al, and Cu,
15  or of an alloy material or compound material mainly containing the elements listed above. A
semiconductor film, typically a polycrystalline silicon film doped with an impurity element
such as phosphorus, may be used instead. Other desirable combinations of materials for the
first and second conductive films than the one shown in this embodiment include: tantalum
nitride (TaN) for the first conductive film 5007 and W for the second conductive film 5008;
20 tantalum nitride (TaN) for the first conductive film 5007 and Al for the second conductive
film 5008; and tantalum nitride (TaN) for the first conductive film 5007 and Cu for the second
conductive film 5008,
Next, a resist mask 5009 is formed to carry out first etching treatment for forming

electrodes and wiring lines. In this embodiment, ICP {inductively coupled plasma) etching
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negative self-bias voltage is applied. Wien the mxture of CF4 and A2 is
used, the Wfilm 5 and the Ta filmare etched to the sanme degree. Under

t he above etching conditions, if the resist nmask is properly shaped, the
first conductive filmand the second conductive filmare tapered around
the edges by the effect of the bias voltage applied to the substrate side.
The angle of the tapered portions is 15 to 45 . In order to etch the
conductive filns without |eaving any residue on the gate 10 insulating
film the etching tinme is prolonged by about 10 to 20% The selective ratio
of t has emplaybdrit @hich e g dnid dlpaexyixied bs dehinglgas hsd 2o RE (23.66 Willgglower 8, and.
therefore a region where the silicon oxynitride filmis exposed is etched

by aboigh Was kiveh@ BRLIVA ElBErdHcat agir@shhﬂ:g)f 1t Paf gBabiate plasrhdli STheSbstEdte St
shape conductive |layers 5010 to 5013 conprising first conductive |layers

5010a g s?%@ 186 Q0 ive A 4G {' 143 d RHE) LOP10PWOR) 3t #sRosthiERE 15
from the @9&@? c n%uctivelfiln1an the se ?ﬁﬁgconductive fiIn1ﬁhrJUg t he
first etchin L e nt. . t.hi i . i 0 . kNS . Ng

i1 m SopaNe e UpERTER is otbich” SRR Bh ik RGP SrSind CB 8366 LRPW IR 095 1
to_5013 are_etched and . thiinned by about 20 to 50 nm (Fig. 6B) First
doﬁinémpggﬁpﬁé“?a?ﬁﬁgﬁﬂ&%QFﬁﬁﬂﬁé%g“?or doping of an inpurity el ement that
gives 20 the N-type conductivity (Fig. 6B). lon doping or ion inplanting

i s enpl oyed.Undsr fhsnabayssitehing %@@%e if; the gptistrgask iy prepesty; Shaged, thefigst
atons/cn? and the acceleration voltage is set to 60 to 100 keV. The

i mpur icopdedtiverdiin anidethe géoped comduckive fibe acotaperstliaviung the edges dlydhe pffect of

~belonging to Goup 15, typically, phosphorus (P) or arsenic (As). Here,
phosphh¢ bias (Va)tages applizddo the stbbtatecside, Theeargdndfidiei taperbdportonsSGd 05t ao5013

serve as nmasks against the inpurity 47 elenment that gives the N-type

conducfsi°vi t Ya aéh {d efch (HREPESIdu¥tive TR Swidtbld 1baind by akesidiooiethe bitea
sel f-aligning manner. The first inmpurity regions 14 to 5016 each contain

; p% 1i )gﬂ%éfgﬁgttgﬁliﬁxme%ﬁg Hinds YeSohR BY 1060816 RISIMG! T Yhi Yelbdlive (SRNGEMEN at i on
W film to the silicon oxynitride film is 2 to 4 (typically 3), and therefore a region where the
siticon oxynitridé film is exposed is etched by about 20 to 50 nm by the over-etching
treatment. In this way, first shape conductive layers 5010 to 5013 comprising first
conductive fayers 5010a fo 5013a and second conductive layers 5010b to 5013b are formed

15 from the first conductive film and the second conductive film through the first etching

treatment. At this point, regions of the gate insulating film 5006 that are not covered with

‘the first shape conductive layers 5010 to 5013 are etched and thinned by about 20 to 50 nm.
(Fig. 6B)

First doping treatment is conducted next for doping of an impurity element that gives

20 the N-type conductivitf (Fig. 6B). Ion doping or ion implanting is employed. In ion

doping, the dose is set to 1 x 10 to 5 x 10* atoms/cm’ and the acceleration voltage is set to

60 to 100 keV. The impurity element that gives the N-type conductivity is an element

belonging to Group 15, typically, phosphorus (P} or arsenic (As). Here, phosphorus (P) is

used. In this case, the conductive layers 5010 to 5013 serve as masks against the impurity
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atons/cnB8. 5 Next, as shown in Fig. 6C, a second etching process is
performed. The ICP etching nethod is simlarly used in which CF4, Cl2, and
02 are m xed as the etching gases, and an RF power of 500 Wis applied to
a coil type electrode under a pressure of 1 Pa to generate plasma. An RF
power of 50 Wis applied to the side of the substrate (sanple stage), and a
| ow self bias voltage as conpared with the first etching process is
applied thereto. In accordance 10 with the conditions, the Wfilmas the
second- conductive layer is anisotropically etched, and the Ta filmas the
First elmma tat Fﬁrcé -ty e MUBAIVIGPANITisYinRuEibLgtins 801 £10C3U164rd Bi@ck OVer
than the Wfilmto form second shape conductive |ayers 5017 to 5020 (first
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5020b). Refer nuner al 5006 esi‘gnates a gate i1 nsulating

so17 ol G Eel The dPHRECContebful o SREEREBHRRTGT ST R ATEC T o

thin regignss The reaction of the Wfilmand the Ta filmto etching by the
m xt uPEES"of CF4 and Cl12 can be deduced fromthe vapor pressure of

radi cal or ion species _generated and of reaction products. Conparing the
vapor pressdFEbaToAgVe iy Eig- 652 s5r@0E Kichinegaecess isgeaioamed,  TheslCHoeteHBE i s a
fluoride.-of Whas an extrenely high vapor pressure while the others,

namel ynethi@ 5, simifarbb psednia Wixc SThdve and (aprsr mpred 98 thectoliing igases, andeansRie
degree. Accordingly, the Wfilm and the Ta filmare both etched with the
m Xt upewgnast 800 WH4 appliedibz cdtompy electrodeamdana papntopl 1 BE e generast pladmB2 i s
added to this m xture gas, CF4 and 02 react to each other to be changed

i'nto G@ REGdwer BTN W isNphicd & B8R AdPENthe Gubdirdid (bafipleSstde) Farldon fow A8IFa ]
result, the W48 filmwhose fluoride has a high vapor pressure is etched at

o o E e el o o SHe G WncsiGiien ntecilydbe T
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the Ta film as the first conductive layer is anisotropically etched at an etchi.ng rate lower than
the W film to form second shape conductive layers 5017 to 5020 (first conductive layers
5617a to 5020a and second conductive layers 5017b to 5020b). Reference numeral 5006
designates a gate insulating film, and regions which are not covered with the second shape
15  conductive layers 5017 to 5020 are etched into a film thickness of about 20 to 50 nm, to for
thin regions.
The reaction of the W film and the Ta film to etching by the mixture gas of CF4 and
Cl, can be deduced from the vapor pressure of radical or ion species generated and of reaction
products. Comparing the vapor pressure among fluorides and chlorides of W and Ta, WFs
20  that is a fluoride of W has an extremely high vapor pressure while the others, namely, WCls,
Tabs, and TaCls have a vapor pressure of about the same degree. Accordingly, the W film
-and the Ta film are both etched with the mixture gas of CF4 and Cl;. However, when an

appropriate amount of O, is added to this mixture gas, CF;and O, react to each other to be

changed into CO and F, generating a large amount of F radicals or F ions.  As a result, the W
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the surface of the Ta film The oxide of Ta does not react with fluorine or
chlorine and 5 therefore the etching rate of the Ta filmis reduced
further. Thus a difference in etching rate ,is introduced between the W
filmand the Th film so that the etching rate of the Wfilmis set faster
than the etching rate of the Th film Then second doping treatnent is
conducted (Fig. 6D). In the second doping treatnent, the filmis doped
with an inpurity elenent that gives the N-type conductivity in a 10 dose
smaller than in the first doping treatnment and at a high accel eration

vol t addm whosedhmnidk dias b héghacipet preaturois atclietlag en icrestd tohit@ rae. 120 theV and
the dose is set to |l X 1013 atons/cnR to formnew inpurity regions inside
t he fidiisdr hahi@Uhé bichin@Ghens thd B il 6 i@ ehskd much evics [Foiods hickificreased in

sem conductor layers in Fig. 6B. Wiile the second conductive |ayers 5017b

10 S0ZQhiREe HRGITAR ﬂ&%ﬁs@%&ﬁw {ng W, TR EdditYorfd Sults' BExRIItAGer the
first conductive 15 | ayers 7a to 5020a are al so doped with the inpurity

el ement, JBLS d%t‘g{l s gﬁesﬁﬁﬁgg%d?'dfpﬁr ﬂééé ﬁo‘?%eﬁ:‘?éylﬁgﬁgmttg?%ﬁ @oﬂ}{g ah@PPi Ng

the first con r as shown 1 n et chi ng

: nbodi I ' d
BBl oyBereRrhfeiEE e e b BB Ryt 'ﬂgﬁi‘eﬁi s ket &Vj&%@w e
seconds,. setting the flow rate of Cl2 to 60 (scc r'q1 and an % ower of
350 Wi &trdyrsddbptiveerathe Y ifilmyand By de {Bw HAdSF o mgerggqﬂféhw filpds 38

generate plasma. An RF power is also applied to the side of the substrate
( sanplfestet theethestchimprateoidhdde Shni al |y negative self-bias voltage is
applied. Through the third etching process, the first conductive layer is
etched to rerheaesdchad rdegingn fredthenely cohduatkds (Bipe 6£9ndiic tthy esebandedepibf24 t o
5027(first conductive |ayers 5024a to 5027a and second conductive | ayers

5024b tuROA. e fARcsepoedith48 ibharisedemnsnt iRUiltdsithé 80iype TohdAlivitg i9@23.
i ncl ude the second inpurity regions 5028a to 030a overl apping the first -

Cq@duqéisy & aﬁgﬁ&mﬁnﬂl Elﬁef&slf“cfopid\ggﬁf'e{ tnbit 560LP0 FPRRCCABRUIGAAT FRr € not

covere rst conduc ayer.
example, the acceleration voltage is set to 70 to 120 keV and the dose is set to 1 x 10"

atoms/cmf2 to form new impurity regions inside the first impurity regions that are formed in
the island-like semiconductor layers in Fig. 6B. While the second conductive layers 5017b
to 5020b are used as masks against the impurity element, regions under the first conductive
15 layers 5017a to 5020a are also doped with the impurity element. Thus formed are second
impurity regions 5021 to 5023 overlapping the first conductive layer.
Next, as shown in Fig. 7A, a third etching process is performed. In this embodiment, an ICP
etching device is employed and Cl; is used as etching gas.
" Etching is conducted for 70 seconds, setting the flow rate of Cl, to 60 (sccm), and an RF
20  power of 350 W is applied to a coil type electrode under a pressure of 1 Pa to generate plasma.
An RF power is also applied to the side of the substrate (sample stage) so that a substantially
negative self-bias voltage is applied. Through the third etching process, the first conductive
layerris etched to reduce the region, thereby third shape conductive layers 5024 to 5027(first

conductive layers 5024a to 5027a and second conductive layers 5024b to 5027b) are formed.
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Through the steps above, the inpurity regions are forned in the respective
5 island-1ike sem conductor |ayers. The third shape conductive |ayers 5024
to 5026 overlapping the island-like sem conductor |ayers function as gate
el ectrodes of Ms. The third shape conductive [ayer 5027 function as
island-1i ke source signal lines. The inpurity elenents used to dope the

i sland-1i ke sem conductor layers in order to control the conductivity
types are activated. The activation step is carried out by thernmal 10
anneal i ng using an annealing furnace. O her activation adoptabl e nethods

i ncl udthel sesend anpaiétlyiegioan02hpo dORRanchade densabid ¢mpbTH) regitine S0R8a twl
annealing is conducted in a nitrogen atnosphere with an oxygen

concersnes b@d?la?f;in tRPAsPEodsEve RYQTRa AR third.idhpRii r@gion 5638 toH030 that O
700" C, typically 500 to 6001C. In this enbodi nent, the substrate is

sybjegﬁfgﬁcbgmgggﬁtqhgg} (héhﬁgg%gg for four hours. However, if the

wiring lrne material used for t 5 third shape conductive |ayers 5024 to

S0eT Br e G AR SR ancile RS L RediSn ISR 'BRho SHPHE AGpiE"

interlayer insu ing m Y nifmg silticon) 1s formed in order

to_ protect. . the wiring lines and_others. Another, heat treatnent, i
cofdudHagt © A THEIRILERE BV SNt E'arcg P9 GOTSUSHar SYER 22808 £928500C
for one to twel ve hours, thereby hydrogenating the island-like 20

seni coaterming theyislend-likp semycondidontayens fupdjpn af gate glecedes it Bandheng
bonds in the sem conductor |ayers using thermally excited hydrogen.

Al t er ribird viepg copdwmsimelayhy Sdenctidnos iglasd-like sopdecoggmal tihett i s excited by

pl asma) may be enployed. As shown in Fig. 713, a first interlayer

i'nsul ati ng fTHennplidly ¢1smbok eel meddpefthe iBlend-liid deanconduytor fayeddnfordentai th a.
t hi ckness of 100 to 200 nm A second interlayer insulating 50 film 5032 is

for mediohhsr 8RcohtSMAY (9pGaRE GctiBabd. At TRDadiRhB6h Mep id REFRAIdR by BEMACE
holes are formed corfeSponding to the first |nterPayer insulating film

PO, SR R RS A A Bk e 75
annealing and rapid thermal annealing (RTA). The thermal annealing is conducted in a
nitrogen atmosphere with an oxfgen concentration-of 1 ppm or less, preferably 0.1 ppm or
less, at 400 to 700C, typically 500 to 600°C. In this embodiment, the substrate is subjected
to heat treatment at 500°C for four hours. However, if the wiring line material used for the

15  third shape conductive layers 5024 to 5027 are weak against héat, the activation is desirably
made after an interlayer insulating film (mainly containing silicon) is formed in order to
protect the wiring lines and others.

Another heat treatment is conducted in an atmosphere containing 3 fo 100%
hydrogen at 300 to 450°C for one to twelve hours, thereby hydrogenating the island-like

20  semiconductor layers. The hydrogenation steps are to terminate dangling bonds in the
semiconductor layers using thermally excited hydrogen. Alternatively, plasma
hydrogenation (using hydrogen that is excited by pia'sma) may be employed.

As shown in Fig. 7B, a first interlayer insulating film 5031 is formed next from a

silicon oxynitride film with a thickness of 100 to 200 nm. A second interlayer insulating
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is formed, whereby connection wiring Iines 5033 to 5037 and a connection
el ectrode 5038 are 5 forned by patterning. Then, a pixel electrode 5039 is
formed by patterning so as to contact wth the connection el ectrode 5038.
A substrate conprising the wiring lines 5033 to 5037 and the connection

el ectrode 5038 denote an active matrix substrate in this enbodi nent. The
second interlayer insulating filmb5032 is a fil mmade of an organic resin.
10 Exanpl es of the usable organic resin includes polyimde, polyam de,
acrylic resin, and BCB (benzocycl obutene). Since planarization is a

si gni filro 082 as peoteddherehe frool an ofganfreinsidetdmmateniabr | Theerafiensoh@aci lges i | m
5032, acrylic resin that can |level the surface well is part icularly

pr ef eabicemed Roirbiponditipadi the Mirst ihitglag@r dbdlatidd Filth 15931 hihe kseestlgiterlager
elimnate the |level differences caused by the Ms. An appropriate thickness

- of t hgshifalify €ifm 5088, andfthe Pate %ﬁufaﬂhgmﬁ%@b& A b0 wilidg 1nedEdkdiah ol es

are formed by dry etching or wet etching, and include contact holes

reachiNGahle TR dotnle8hBEed g SOABT037ANE RhEADN LUBRARANGEL Vi LY.

the source ’signa ate signal fines own), a power -

supply i (not sho . and gate ele des 5024 to 5026 (not. sho

7 B e Yl Pl e, 8 bined HheuBag R3S Bribpretty bt o S bRt e, i n
which a 100 nmthick Ti fil a 300 nmthick At filmcontaining Ti, and a
150 nHipheronpeckon ¢leatrdeS87%ed i n succession by sputtering e wirings 5033
to 5038. O course, other conductive filnms nmay be used. In the present
enmbodi ment , At jubspatr omprisisertbel avifing lisey 233 logd B candrtbel epnswdon glestroder med’
by MgAg or the like with a thickness of 200 nm and then patterned. The

pi xel 5638 ddnott aroabeivb GB9rix sutfstonted thinembodiment. Wi t h t he connecti on el ectrode.
5038. Next, as shown in Fig. 7C, an insulating film containing organic

mat eri al suThe &8cormiC infédef @5dulhting fili A2 ti9 AfilAi GEME DS B orkahie Rsint M and
an aperture is opened in the filmat a
10 Examples of the usable organic resin includes polyimide, polyamide, acrylic resin, and BCB
(benzocyclobutene). Since planarization is a significant aspect of the role of the second
interlayer insulating film 5032, acrylic resin that can level the surface well is particularly
preferable. In this embodiment, the acrylic film is thick enough to eliminate the level
differences caused by the TFIs. An appropriate thickness of the film is 1 to S m
15 (preferably 2 to 4 £t m).

The contact holes are formed by dry etching or wet ctching, and include ooﬁtact
holes reaching the impurity regions 5014 to 4016 having the N-type conductivity, the source
signal lines 5027, the gate signal lines (not shown), a power supply line (not shown), and gate
electrodes 5024 to 5026 (not shown) respectively.

20 Further, a lamination film of a three layer structure, in which a 100 nm thick Ti film,
a 300 nm thick Al film containing Ti, and a 150 nm thick Ti film are formed in succession by
sputtering e wirings 5033 to 5038. Of course, other conductive films may be used.

In the present embodiment, the pixel electrode (a reflecting electrode) 5039 are

formed by MgAg or the like with a thickness of 200 nm, and then patterned. The pixel
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position corresponding to the -position of the pixel electrode 5039. A third
interlayer 5 insulation filmb5040 is thus formed. \Wen the aperture is
formed, it is preferable that the side wall is etched so as to becone a
tapered shape. If the side walls of the aperture is not snooth enough, the
| evel difference can nake degradation of an EL layer into a serious
problem An EL |ayer 5041 and an opposite el ectrode (transparent el ectrode)
5042 are fornmed 10 by vacuum evaporation successively. The thickness of
the EL layer is set to 80 to 200 nm (typically 100 to 120 nm. The

t hi ckridestrode S03bisfpsmdd is|cesteetonish thetrennectingstectrade ¥38ct rode) 5042 is set
to 110 mu. In this step, the EL | ayer and the pixel electrode (transparent
el ectrode) dvextfawshodn im Fig. §Cxeh ifslatingdfiln ghbtainidpeorgamcanpiesidl suchrasgr een
light, and then in a pixel for blue light. The EL 15 |ayers have | ow

r esi staciilicredifl i$ RriHel @9 3. thicRidsD iof 11 3N dtiCanCdpe AR B @pbAduORI RO fiYm at a
Therefore an EL | ayer and the pixel electrode (transparent el ectrode) of

one colighiohdRRlsphRidLGRle JoRERhNEr 1 gﬁe@%lé@&oh@mﬁﬁ“% teh8d RhéRhyer
el ectrode (transparent el ectrode) of another color. Then EL |ayers and the
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pi xel s of one co e covering ors w
met al sk...20 Formed here are three types &I EL. el epent.s, i n_accotdance
wi th ReAILirotghied 3950 becam gyirpered pHARE- o I bt Sids VB AT dire AT Rdd wi t n
color filters, a blue light or bluish green Iight emtting_elenment
conbi FEWOR €Rovahy b fvst differengs @acuake degadatiopnRiens Edn lays) date: 2 eesgusppy -
be used. Note that a known naterial can be used for the EL |ayer 5041. A
pr ef erpaghlemknown 52 material is an organic material, taking the driving
voltage into consideration. Through the step above, the cathode nmade of
MyAg and t heAAmBhdeyersdl ahd bh oppysite clerirddd (teankpacs phoctmotie cHMAuat foreneti | m
are formed. Then, a passivation filmis forned froma
10 by vacuum evaporation successively. The thickness of the EL layer is set to 80 to 200 nm
(typically 100 to 120 nm). The thickness of the pixel electrode (the transparent electrode)
- 5042 is set to 110 nm.
In this step, the EL layer and the pixel electrode (transparent electrode) are formed in
a pixel for red light, then in a pixel for green light, and then in a pixel for blue light. The EL
15  layers have low resistivity to solutions, inhibiting the use of photholithography. Therefore
an EL layer and the pixel electrode (transparent electrode) of one color cannot be formed
together with an EL layer and the pixel electrode (transparent electrode) of another color.
Then EL layers and the pixel electrode (the transparent electrode) are selectively formed in
pixels of one color while covering pixels of the other two colors with a metal mask.
20  Formed here are three types of ElL. elements in accordance with R, G, and B. Instead, a
~ white light emitting EL element combined with color filters, a blue light or bluish green light
emitting element combined with fluorophors (fluorescent color conversion layers: CCM) may

be used.

Note that a known material can be used for the EL layer 5041. A preferable known
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silicon nitride filmas a protective film5043 wth a thickness of 50 to
300 nm The 5 protective film5043 protects the EL |ayer from noisture and
the like. In practice, the device reaching the state of Fig. 7C is packaged
(enclosed) using a protective filmthat is highly airtight and all ows
little gas to transmt (such as a lamnate film and a UV-curable resin
film or a light-transm ssive seal, so as to further avoid exposure to the
outside air. A space inside the seal may be set to an inert atnosphere or a
~ hygroscopi c 10 substance (barium oxide, for exanple) may be placed there to
i npr oVERteTH it ) PrgRRicimaferiy, telfag the drijiegrspitage Mito epnsiéasefidnag t he airti ght ness
t hrough packagi ng or other processing, a connector (flexible printed
circuit: FPQhroughahe stehebovepthecmthode iy ofiMpAg enditie aapdmmbde ef Bl haler wi t h a
termnal led out fromthe elenents or circuits forned on the substrate. The
devi cand thatrsisphent ddndubdiie filnn abefcitiepeThds agakdiediod Ml Ryfofteyd &6m # this
specification. By followi ng the process shown in this enbodi nent, the

numbekiiRbn MIftde MREKS a NRGEES e RIABSIBAGIHT 4 MBicRItsR ! W td B0 AmSURRLT at e
can be reduced to four (an island-like sem conductor |ayer pattern, the

155t BELRA RRORANE o PCLEE ROt GSAR! Srdhe g |1 nes. an sl and-1 i ke

source wring line, capacity wring l'ines, contact hote patterns, the
second 20 W[ i N attern jnclpydi d%gg.c necti.on tﬁ%%roe- As a
Coou't .t o el e BRVLE LAk e HE SRR o Fiel AE" S BhiRRed [elobaT e
i mprove the yield. % m@ldirre t 5] An exanple of a case in which the pixels
and t H&Otﬁ‘it}"\‘ietli‘mb&% Eﬂ CIY ﬁirtlaé 45d 3l Wéﬁgyt'f%)\g@ tgdragspi dsushad adamigteilomannel
TFrs is explained in_Enbodinent 4, but it is also possible to inplenent
the prBSand Vigwatde resin Bimlier adfeht-Etnsaresivavecal, Porastth duishes aveid expesiaanel TFrs
Impurity regions referred to as overlap regions are formed in regions
over | dppouigideiaith @aspace imsider thelesalimayobalsat td andoat atmloshisdre oarnhygroscopic
degr adati on ' _ _

10  substance (barium oxide, for example) may be placed there to improve the reliability of the

EL c¢lement.

After sccuring the airtightness through packaging or other processing, a connector
(flexible printed circuit: FPC) is attached for connecting an external signal terminal with a
terminal led out from the elements or circuits formed on the substrate. The device in a state

15  that can be shipped is called display device in this specification.

By following the process shown in this embodiment, the number of photo masks
needed in manufacturing an active matrix substrate can be reduced to four (an island-like
semiconductor layer pattern, the first wiring lines pattern including the gate wiring lines, an
island-like source wiring line, and capacity wiring lines, contact hole patterns, the second

20  wiring line pattern including the connection electrode). As a result, the process is cut short

to reduce the manufacture cost and improve the yield.

[Embodiment 5]

An example of a case in which the pixels and the driver circuits in the periphery are
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5 and the like. In contrast, there is little influence due to hot carrier
degradation for the case of p-channel TFrs, and therefore it is not
particularly necessary to formoverlap regions. It is therefore possible
to perform manufacturing by sinpler process steps. A base film®6002 is
formed -on an insul ating substrate 6001 nade froma material such as gl ass,
i sl and shape sem conductor |ayers 6003 to 6005, a gate insulating film
6006, 10 and conductive | ayers 6007 and 6008 are then forned as shown in °
Fig. 22A in accordance wi th Enbodi nent 4. The conductive | ayers 6007 and
6008 atrectsiedvesile nechasnd TEIS Badxplaisddr inc Embediniimt 4a bat fitgisealicapessitds toict ur e
may al so be used without any particular problens. Next, as shown in Fig.

22B, ampRalenb@RPrésent @y eRibnltyakideestidnneT®sa first etching process is
performnmed. Anisotropic etching is perforned in Enbodinment 4 by utilizing

15 sel ect i Vighy flUgask QftdIehNBLETIR mgqmﬁé%'m Rferfedfo! RIOVEALE rfiddChyr €
It 1sn part y of

( sk
conductive | ayers. However, cularly necessary t orm

o0l OSalidh iORERUBy SBH LR EEPLEORNRIG in oA § NSHEABPABL M BRI N MY

orne ones Inner py an anoun e order of

20_.to 5 .due to etchi at..this point is fornmed in t te insul ating
{1 P GO G ALk Pt g B LBLERRDud G diobEaER doppiifio) Rt BRE oF hat
inparts P-type_ conductivity to the island shape sem conductor layers is
per f oPriddnnd xkE Tscandy thersiore it iy aptpartgmlaly wreevary g form owgrlap regiaRs” Hdai nst
the inpurity element, and the inpurity regions are forned in a

_sel f - dhdrgfornppssivtmiorperidom ananuBicturing tytsmplek progess stapsi cal |y used as t he
inmpurity element that inparts-p-type conductivity. The inpurity regions
are forned bybaenfitopop iShmedng ai benhhdeg clB2Ate]l@)01heands framda tderialpurity
concentration within the sem conductor layers is set from 2xl 020 to 2x, 021
at oms/sGBas %ié@s Q8hdP EhdpR SKmiconti@br [:§ERVDU3 18B00% he gsib %ﬁs@x}lﬁ{nﬁ@ilﬁx 6O 1S

obt ai ned. nuf acturi ng then contindes in accordance Wt e process
SHBPS ol Whéildive (RePNVO6F 258 6008 are then formed as shown in Fig. 22A in accordance
with Embodiment 4. The conductive layers 6007 and 6068 are shown here as a laminate
structure, but a single. layer structure may-also be used without any particular problems.
Next, as shown in Fig. 22B, a mask 6009 is formed from resist, and a first etching
process is performed. Anisotropic etching is performed in Embodiment 4 By utilizing
15 selectivity due to the material properties of the laminate structure conductive layers.
However, it is not particularly necessary to form regions that become overlap regions here,
and therefore normal etching may be performed. A region that becomes thinner by an
amount on the order of 20 to 50 nm due to etching at this point is formed in the gate insulating
film 6006.
20 A first doping process for adding an impurity element that imparts p-type
conductivity to the island shape semiconductor layers is performed next. Conductive layers
6010 to 6012 are used as masks against the iinpurity element, and the impurity regions are

formed in a self-aligning manner. Boron (B) and the like are typically used as the impurity

element that imparts p-type conductivity. The impurity regions are formed by ion doping
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5 Enbodi nent 4. Note that it is preferable that a structure which is.the
reverse of the EL elenent structure shown in Enbodinent 4 be fornmed in
Enbodi mrent 5 because the TFFs forming the pixels and the peripheral driver
circuits are p-channel TFrs. That is, the pixel electrode 5032 of Fig. 7B
used in Enbodinent 4 is forned by a transparent el ectrode and used as an EL
10 el enent anode. In addition, after formng an EL |ayer, a reflecting

el ectrode is forned from a material such as MyAg, and used as a cat hode of
the EL elenent. Light generated in the EL element is therefore emtted

t owar GhsinBelilsathsd ﬂi‘gl-@ Rite WiidGRe ifRuirity E8nR0Rati R WRIn Whd 2 nliBdRiuclt [Hekuse. 15

[ Embodi nent 6] T FFs structuring the driver circuits and the pixels are

TFfs Q@tvﬂré}ﬂ2%1@19%@%1025&8943%&3"e structure in the processes shown in ,
Enbodi ment 4, but the present invention may also be inplenmented using TFrs

with struct s _having a plyrality of, gate.el ectro .S Wi. chi.ng agctive
| ayers, as s hgmﬁeﬁ%\rﬁ k §4éenAﬁe%‘§<vpeldaga§tdi (%e % %reié%séa f 18 ﬂ.li’taqmdc'
manuf acture i s expl ai ned bel ow. A conductive filmis forped _froma. .
condudfinEeGrATS En CoRtBNES B AFTOIPRIC ORI Hhgcrocass aﬁp%érpmﬁ&gba&*o%qwé dte

gl ass, alum no borosilicate glass, or the like, typically Corning Corp.
#7659@‘%@@“@%&1737 glass, and a |ower gate el ectrode 7002 is forned by
patterning as shown in Fig. 24A. There are no particular linitations

pl aced on t iNoterdharii ad prededble dhdton sirn¢tereSFhichve rthg atversel efcthedille elqmani ded
that it is a conductive material. Materials such as Ta and W are typically

used. shudturesshoiwmsivl ErhbatGmEnd 410 @ddhell $n Batboeindie StbecakiRe tild TETs fodiipatht NY
~film7003 is formed wth a thickness of 10 to 50 nmusing silicon

oxy Ni pidelie and I BedpictACRIRE cibSitd hEpehaitet TETET MBifar 1Stk k1 B1ddedod 7003
is formed has unevenness : : _
5032 of Fig. 7B used in Embodiment 4 is formed by a transparent electrode and used as an EL
10  element anode. In addition, after forming an EL layer, a reflecting electrode is formed from
a material such as MgAg, and used as a cathode of the EI element. Light generated in the

EL element is therefore emitted toward the substrate on which the TFTs are formed with this

structure.

15  [Embodiment 6]

The TFTs structuring the driver circuits and the pixels are TFTs having a normal
single gate structure in the processes shown in Embodiment 4, but the present invention may
also be implemented using TFTs with structures having a plurality of gate electrodes
sandwiching active layers, as shown in Fig. 24C. An explanation of a process of

20 ménufacture is explained below.

A conductive film is formed from a conductive material on a substrate 7001 made
from barium borosilicate glass, alumino borosilicate glass, or the like, typically Corning Corp.
#7059 glass or #1737 glass, and a lower gate electrode 7002 is formed by patterning as shown

in Fig. 24A. There are no particular limitations placed on the material used to form the
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as shown in Fig. 24A, caused by the |ower gate el ectrode 7002. Considering
| ater manufacturing processes, it is preferable to performleveling of the
unevenness. CMP (chem cal nechanical polishing) is used as a |eveling
means here. CVWP is one nethod for obtaining a dense, snoboth surface by
perform ng chem cal processing of the surface of an 10 object to be
pol i shed, making the surface in an easy to polish state, and then
perform ng nechanical polishing. A silicon oxide filmor a silicon
oxynitride filmis fornmed as a leveling film 7004 having a thickness of

0. 5 t dowengan ddutrofie.rmovided thaatt ing dontnetiZ@GBaterdalm Materiald suchiak da aofiWwed
silica particles obtained by thermal deconposition of silicon chloride gas
are diapeymediyifsed.n an aqueous KOH sol ution, for exanple, may be used as a
CWP polishing agent (slurry) to the leveling film704. An anount on the

order of O. 5Atfﬁst]m§ﬂ1ét§1gl" REPYES & romdahRxsu r’ft@%sﬂhsulﬁtlﬂfg ﬂllﬁYﬁbﬂ?ﬂg férnledd 7004
by polishing wth eveling the surface A state inm which the surface

is |evgj gﬁhaﬂkgyﬁfﬁﬁﬁﬁﬁﬂﬁgms %Sﬁ ﬁ&lffg 24B. TFTs may then be forned

in accor ance wt g perlpheral circuits and 20

I Th FT ct d, h t
Bl ot rodes 1 TS ssurﬂﬁer{%tﬁé%waﬁ%ﬁ.fﬂa B8 G TG 0R Prd e B & cn
qui ck res onse i nded, c@ql i wth smntchlng circuits, signals my
Be. | it SESVHAEhEitc PonErogh Y 1adey tgaiponctnyy 7o o0Ridrag: Fire

7006. By inputting the same signal into both the gate el ectrodes, 56

depl etafaftuting pEeRentes] it g pierpblet theperbariny devieliye rof aille amseenngss. c KIMP t he
electric field effect nobility increases, and the electric current
-capaci(chemiznl inechamimb dolishingz)dsiuedd a5 pmalmg mehay bat.er CMH Boneanethddl ﬁorbe
expected. On the other hand, for cases in which uniformty of

char acdhedihBigi £ dede, Bmboty itfac eglperforfilhpl @Rnital PlERAALAf tRSsutfdch dfiaxel
portion driver TFTs signals may be input to the gate
10° object to be polished, making the surface in an easy to polish state, and then performing
mechanical polishing.
A silicon oxide film or a silicon oxynitride film is formed as a leveling film 7004
having a thickness of 0.5 to 1 pm on the first insulating film 7003. A mixture in which
_ fumed silica particles obtained by thermal decomposition of silicon chloride gas are dispersed
15  in an aqueous KOH solution, for example, may be used as a CMP polishing agent (slurry) to
the leveling film 704. An amount on the order of 0.5 to 1 pm is removed from the surface of
| the leveling film 7004 by polishing with CMP, leveling the surface.
A state in which the surface is leveled is thus obtained, as shown in Fig. 24B. TFTs
may then be formed .in accordance with Embodiment 4, forming peripheral circuits and
20  pixels.
The TFTs manufactured here have gate electrodes and lower gate electrodes that
overlap, sandwiching an active layer. For cases in which a quick response is demanded,

such as with switching circuits, signals may be input to both the lower gate electrode 7002

and the gate electrode 7006. By inputting the same signal into both the gate electrodes,
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el ectrode while the | ower gate electrode is held at .a certain fixed
electric potential. The term certain. fixed-electric potential denotes an
electric potential such that the TFT is reliably kept in an off state when
the electric potential is applied to the gate el ectrode of the TFT.
Typically, the |lower gate electrode is connected to a |ow electric

potential side power source 10 such as VSS if the TFT is an n-channel TFT,
and is connected to a high electric potential power source such as VDD if
the TFT is a p-channel TFT. In this case, dispersion in the value of the

t hr es Hispletion Iof shgechaanelbregicadin dbel acirsnlagerashieass WEicKIT thenelootrig field effectr es
that do not possess a |ower gate electrode. In addition, this is effective
becaugsoldlityetheodases) and thhecleadfié chaakt capacienicac de alissd. btha muicki papede 15

[ Enbodi nent 7] A sem conductor device of the present invention can be

appl|Qﬁaﬁ@wﬁaﬂguﬁﬁ&mgnmgkpaxmﬂ|splay devi ce used for various electronic
equi pment. Such el ectroni ¢ equi pment includes a portable information

termnal ( e'(‘}‘lﬁl{e%h@r l{h(ﬂﬁefb?(&gses RRHiG ﬁﬁfﬂ?ﬁﬁtﬁrof cﬁﬁfa&@ﬁétﬁ;sto‘?'a%@%?ﬁeaﬁt c.),

20 a vi deo canera, digital canera, a persoha nputer, a television, a
t t t h
R G a%%eﬁmoﬁﬁé?ﬁ%%&%a/ﬂpﬁx@ {ifirioh #Rer 380y :ﬁ%‘fai’ "%13"6”4 ﬁ@ﬁ!?dngl%g%ﬁ
d 3002, di 3003, d.th
'igmﬁfm@ﬁ D6 st B siispde BIEN fhedtra bl ooy e e
.fabrication of t he _di spl ay rfggrtlon 3003. 57 Fig. 23B shows a video canera

whi ch Gegaiadired eleptiae potgnial denptes ap ylegtiicpotential &mhatpat the o rdebly ket audio
|nput portion 3013, an operation switch 3014, a battery 3015, an inage
“recei vrap pr stalenwBer Bhe aittrichgolential. isThpplisdrtocndzrit clectiedt of thé T
present invention can be applied to the fabrication of the display portion
3012. 'Bypkdally, tB3owdromse elettobdebio esnpetesional losostptie potwhiial sidesparearsbidcat ed by

a mai n body
10 such as VSS if the TFT is an n-channel TFT, and is connected to a high electric potential
power source such as VDD if the TFT is a p-channel TFT. In this case, dispersion in the
value of the threshold voltage can be reduced when compéred to TFTs having structures that
do not possess a lower gate electrode. In addition, this is effe;,ctive because a reduction in the
off leak current can also be anticipated.
15
[Embodiment 7]
A semiconductor device of the present invention can be applied to fabrication of a
display device used for various electronic equipment. Such electronic equipment includes a
portable information terminal (electronic notebook, mobile computer, bortable telephone, etc.),
20  avideo camera, a digital camera, a personal computer, a television, a portable telephone, and
the like. Figs. 23A to 23G show examples of those.
Fig. 23A showé an OLED display which is constituted by a housing 3001, a

supporting stand 3002, a display portion 3003, and the like. The semicoﬁductor device of

the present invention can be applied to the fabrication of the display portion 3003.
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3021, a housing 3022, a display portion 3023, a keyboard 3024, and the

‘I'i ke. The sem conductor device of the present invention can be applied to
the fabrication of the display portion 3023. Fig. 23D shows a portable
information termnal which is constituted by a main body 10 3031, a stylus
3032, a display portion 3033, an operation button 3034, an external
interface 3035, and the |ike. The sem conductor device of the present
i'nvention can be applied to the fabrication of the display portion 3033.
Fig. 23E shows a sound reproduci ng system specifically an on-vehicle audio
appar at us, Wigc2BB shayons video caderds ywhichris conktitdied 3G4ilmam hidyH04Y, pdisplagn

3042, operation 15 switches 3043 and 3044, and the |ike. The sem conduct or
devi cepostiort 312D ae s6did iAgue pokion B0 enlpepatiphistitch 3014)a babryi 30a5] Anintfget he

di splay portion 3042. Additionally, although the on-vehicle audi o

appar gblsving pbhidﬁSMmt A6l B 1B STR@IAbEnduklie dhﬂ&?ﬂf !hQ ri'm%@ﬁ‘t lﬁb&ﬁloﬁecaﬂs ed

for a portable or household audi o appar at us. shows a digit

camer g, 3051 a dlsplay 20 portlon (A
3052, a%QE§§%F§?§%%%%%éﬁﬁagﬁgémﬁh bné&%tlon switch 3054, a display portion

B 3055, 056 d d f. th
E)r ésent i nvgzﬁ a%é‘?é%%” °‘S§%‘rqﬁ %edsqn(g ‘ﬁgp?tﬁ‘b F’l?g]t‘?gﬁr’hs ut?ci]gy g&%ﬁg‘:"%& '? i on

(A 3 and. t he di ortlon (B) 3055. Fl 23G shows a portabl e

el ephAL Anhesrne: Dakeni SopEy TSR APar BolkyPoneL 0% i aic e plbe
portion 3062, an audio |nput portion 3063, a display portion 3064, an

oper atSPBicoRgueQr desiceaofbe peasentrinvantian Sasbe appiitditnéhd fakbcativneofberilisplasiuct or
device of the present invention can be applied to the fabrication of the
di spl ppripor3@2Bn 3064. Note that, the exanples set forth above are nerely
exanpl es, and the present invention is not Iimted to these applications.

I'n the |ightrign3D sigvstepyortdloinférhifitiph esetal wWhiciisicORstithBe bR ia4BhinHRGy1 on
and the driver
16 3031, a stylus 3032, a display portion 3033, an operation button 3034, an external interface
3035, and the like. The semiconductor device of the present invention can be applied to the
fabrication of the display portion 3033,
Fig. 23E shows a sound reproducing system, specifically an on-vehicle audio
apparatus, which is constituted by a main body 3041, a display portion 3042, operation
15 switches 3043 and 3044, and the like. The semiconductor device of the present invention
can be applied to the fabrication of the display portion 3042. Additionally, although the
on-vehicle audio apparatus is illustrated in this example, the invention can also be used for a
portable or household audio apparatus.
Fig. 23F shows a digital camera which is constituted by a main body 3051, a display
20 | portion (A} 3052, an eyepiece portion 3053, an operation switch 3054, a display portion (B)
3055, a battery 3056, and the like. The semicdnductor device of the present invention can be
applied to the fabrication of the display portion (A) 3052 and the display portion (B) 3055.

Fig. 23G shows a portable telephone which is constituted by a main body 3061, an

audio outpuf portion 3062, an audio input portion 3063, a display portion 3064, an operation
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circuits in the periphery are formed as integrated by using TFTs of the
same conductivity type. A portion of the doping process can be elimnated,,
and in addition, the nunber of nasks can be reduced, which contributes to
an increase in throughput and a reduction in costs. 10 In addition, the
light emtting device of the present invention possesses a novel structure
corresponding to a bootstrap nethod, and the voltage anplitude of signals
for drywiichg3005¢ ani asbmnaCa06h)andede FRER! e schificSndiRMr! ddVidL St e Present
reduction in the electri-c power consunption of the light enmtting device.
59 WHATinlchtich@hbDaprtied o uft AbSEIRY of B ASIGPPRILR 30Gi. 2 Pixel comprising:.

a first transistor; second transistor; n irdtransi stor, wherein

an electric pal, of a te el rqde of the third transistor in a :
floating st a?ﬁét%g‘lr’lt’ ihe efifﬂing estsregrfgﬁét%ﬁv‘éﬁde el E5FPles o PR i Presert |

an off state, ,and.. wherein the first transistor, the second transistor and
the t hilPYFIHPRisnQtliguitedtg these peplicatigns.onduct i vity type. 2. A display device

conprising: <a pixel conprising: a first transistor; a second transistor;
and® a third transistor, wherein an electric potential of a gate el ectrode
of the third transistor rises when the first transistor and the second
transi st or arfe thenlight eofiftingtdevize odinlie present invention, the pixel portion and the driver
. circuits in the periphery are formed as integrated by using TFTs of the same conductivity type.
A portion of the doping process can be eliminated, and in addition, the number of masks can be
reduced, which contributes to an increase in throughput and a reduction in costs.
10 In addition, the light emitting device of the present invention possesses a novel
structure corresponding to a bootstrap method, and the voltage émplitudc of signals for

driving the pixels can be made smaller. This contributes to a reduction in the electric power

consumption of the light emitting device.
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wherein the first transistor, the second transistor and the third
transi stor have the sane conductivity type. 3. A display device
conprising: a pixel conprising: a first transistor conprising a gate

el ectrod Jéﬁ%% %@Qﬁnnect ed to a gate signal line; a second transistor
conpri si ﬁ%ﬁ % rode electrically connected to the gate signal
line; and a third transistor conprising a gate el ectrode electrically

connected to ut put r first and second transistors,
wherein an el egtrl C A(ai g&%ldagﬁﬁ ap%jgﬁé el ectrode of the third transistor

ina floati ngasltxak@mm@mg he first transistor and the second transistor
are in an off state,,gRerandigsein the first transistor, the second
transistor and the third transistor have the sane conduct|V|ty type. 4. A
di spl ay device conprd %ﬁicﬂ‘@‘itral%?%?fxéql conprising: a first transistor
conprising a gate elaethﬁfﬂaﬁﬁs@doectrl caI l'y connected to a gate signal |ine;

60 dt i st t | t t |1
conﬁeifég”t? o esréfitb %n;i&gﬁﬁ%r bteRgh 4 2B et 1ol b “af Soer & ag a gate
el ect r od8odinzctate h ﬂemisfstbrtand tlmﬂepmﬁd tednetor arkdn aafoff e fandst an
second transi Sévﬁér% %qfrgf Qarﬁm&tcﬁl ﬁﬁztsre?l rs?&r@f’sttdraind%e ?hxgdﬂ[rfei szgtgrcltld’v%de of

the third tranS|stor rises ransi st or and second
transi st Bie same cppdugHvisy fypst at e, and

2. A display device comprising:
a pixel comprising:
a first transistor;
a second transistor; and
a third transistor,
wherein an electric potential of a gate electrode of the third transistor rises
when the first transistor and the second transistor are in an off state, and
wherein the first transistor, the second transistor and the third transistor have
the same conductivity type.

3. A display device comprising:
a pixel comprising:
a first transistor comprising a gate electrode electrically connected to a
gate signal ling;
a second transistor comprising an input electrode electrically
connected to the gate signal line; and
a third transistor comprising a gate electrode electrically connected to
output electrodes of the first and second transistors,
wherein an electric potential of a gate electrode of the third transistor in a
floating state when the first transistor and the second transistor are in an off state, and
wherein the first transistor, the second transistor and the third transistor have
the same conductivity type.

4. A display device comprising:
a pixel comprising:
a first transistor comprising a gate electrode electrically connected to a
gate signal line;
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wherein the first transistor, the second transistor and the third

transi stor have the sane conductivity type. 5. A display device
conprising: a pixel conprising: a first transistor conprising a gate

el ectrode electrically con ected to a f.irst ate Si nal%ggge econd
transi stor conprisi %‘er WP SaRPEFERY céﬂﬂ”;tr 3% second
gat e si goainettedd thagatsignapline; @héct rode el ectrically connected to the first

t ' [ i t | ect,r.od
Trectricaiy connectogif it chRRRRE e d Ok Mol St SRR 0"
transi st o¥tput siprdiodesoidhe Erstend S@Opd)tremﬂlstms of a gate electrode of the third
transistor in @hergjnog h!égtr§t t V\Eﬁ fe!léc?rb%é r?qﬁé shiRf mt&hﬁ egecond

transistor are |n an off sta erein t rst transistor,
second t W ﬁ%?bé?t $ttgﬁ1?§|151{05§n4mersacqnﬂéwgplgtpbareﬁa@@ofﬁsﬁpée gafle conduct|V| ty

type. 6. A di sphayind@yifts €QRRtdrSiheGecord PANBtorGRANRNE ShiRDirakidiod Bdve
transi st rrﬁ | 8 pg B&ate el ectrode electrically connected to a first
i F Fandughyiey

gate sig 8 transistor conprising a gate el ectrode

el ectrically connected to a second gate signal line and an input el ectrode
el ectrically cgnnect t % signal line; and a third

t ransi st or con%r|3|ﬁgggbﬁgdgsm c&@pn% electrlcally connected to out put

el ect rodes of %ﬁ@ehxmgﬂmamd second transistors, wherein an electric

potential of a gate £fiRckhRHeHonthRirdeY s ElE&fbﬁe%&EriJaﬁl?%ﬁnnected to a

first gate signal line;

a second transistor comprising a gate electrode electrically connected
to a second gate signal line and an input electrode electrically connected to the first gate
signal line; and

a third transistor comprising a gate electrode electrically connected to
output electrodes of the first and second transistors,

wherein an electric potential of a gate electrode of the third transistor in a
floating state when the first transistor and the second transistor are in an off state, and

wherein the first transistor, the second transistor and the third transistor have
the same conductivity type.

6. A display device comprising:
a pixel comprising:

a first transistor cdmprising a gate electrode electrically connected to a
first gate signal line;

a second transistor comprising a gate electrode electrically connected
to a second gate signal line and an input electrode electrically connected to the first gate
signal line; and

a third transistor comprising a gate electrode electrically connected to
output electrodes of the first and second transistors,

wherein an electric potential of a gate electrode of the third transistor rises
when the first transistor and the second transistor are in an off state, and

wherein the first transistor, the second transistor and the third transistor have
the same conductivity type.

7. A display device according to claim 1, further comprising a capacitor
between a gate electrode and an output electrode of the third transistor.
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when the first transistor and the second transistor are in an off state,
and wherein the first transistor, the second transistor and the third
transi stor have the sane conductivity type. 7. A display device according

to claiml, ther ¢ r|S|n a capacitoy. hetween a gate el ectrode and an
out put el cctrdbe of A N8Pk Tkl Aesrenag .cfaet%mlﬁhea.cgem?naéhaeeﬂatcord. ng

to cl ai nbetwednu gdheelectonierandiongpud eledpadel dfake thixdtmasisiod gate el ectrode and
out put electrode of the third transistor. 9. A display device according to
claim3, further conprising a capacitor between the gate el ectrode and
out put el ect rcﬁble of A Hieplahidedice regrsiliap o claiB.3, Aurthies gbeprisiay iacapadioor di ng t o

claim 4el.l,é‘tw5 @Rerc{:rﬁéi dgot{tﬁg%féctr%e Oib%‘ﬂﬁ%rhd&*% gate el ectrode and

out put ectro the t nsi st or p ay device according to
claimb5, further conpr|S|ng a capacitor between the gate el ectrode and

out put el ectrort)e of AbR tapld@dlct@at&aﬁg% clairazt Aurthies RbAYriiaY a P@&tg@f di 39 to
roae an

claimé6, furth risin itor t he gate elec

out put PRy %ggtp aKHode, ‘ttli’ ﬁgchrp@,e;o tgg\ﬁﬁ‘ﬂn%ﬁ%{y devi ce according to
claim1l, further conprising a driver circuit conprising a plurality of
transistors haui ng t ctivit i.rst, seco ird
transi stors. ijﬁ A dabglsﬁlaag%gew gco %188,1% %Efso%gﬂbqrrho?pnﬁﬁgtahcgpacé{éhpr| si ng
a dri verbetepenctht gate shastrpde ayl eutpitwteairpds/ofthe thimtsarsisors havi ng t he sane
conductivity type as the first, second third transistors. 15. A display

devi ce accordi ng to claim3, further conprising a driver circuit
conprising a pldar al i4 §isBly dexiss psswading haglaig & PEMPEANE @ GaPRLIPI t ype as

the firisdtweseBe ketelictrddd s &itit@etrode of the third transistor.

13. A display device according to claim 1, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors.

14. A display device according to claim 2, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors. '

15. A display device according to claim 3, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors.

16. A display device according to claim 4, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors.

17. A display device according to claim 5, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors.

18. A display device according to claim 6, further comprising a driver
circuit comprising a plurality of transistors having the same conductivity type as the
first, second third transistors.
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16. A display device according to claim4, further conprising a driver
circuit conprising a plurality of transistors having the sane conductivity
type as the first, second third transistors. 17. A display device
according to claim5, further conprising a driver circuit conprising a
plurality of t}hansi shérslayaleyiey acersdivgrie clabmduothiovsiny digifd image signalf i r st |
second t fiiputtcdanfieigls. 18. A display device according to claimé,
further conprising a driver «circuit conprising a plurality of transistors
havi ng the sane conductivity type as the first, second third transistors.
62 19|. A di spl 2y dSVAd'B;pﬁiq’QiEW'(&ie :mgcdrdh@ltag;lmﬂ;i Z,Wﬁgﬁcﬁhm dgichil gﬂng@d sigﬂimgel

si gna [.S..1 to.,the pixel. 20. A display device according to claim
2, mhere#ﬁngﬁgﬁRé gﬁn¥%nge signal is inputted to the pixel. 21. A display
device according to claim3, wherein a digital imge signal 1is inputted to

the pixel. 22.9A di sply i i - l.ai m:4, i -di gi t al
i mage signal %s‘ i nput '?Sélc??ﬁioék(%ﬁg@%l ggﬁg.ﬂ%&aﬁ&éﬂ%}léf \?E{lgfélg%csclgllrl%i ng to
cl ai m 5, isipRedio thedii¥plt al i mage signal is inputted to the pixel. 24. A
di spl ay device according to claim®6, wherein a digital inmage signal is

inputted to the, pixe|., 25. di spl ay. devi ce accaordi.ng t.o0 cl.aim1l, wherein
t he di splay device i‘gd"sﬁgé'd:é?’{?re aﬁﬁm/é%n@ct?rcgarﬁ?’cié%tﬁr?lﬂgrfbg‘?glngﬁgeeﬁg‘?qlom t he
group coixdnhpitiedgo dfe Axel OLED di spl ay, a video canera, a notebook personal
conputer, a portable information term nal, a sound

23. A display device according to claim 5, wherein a digital image signal
is inputted to the pixel. '

24, A display device according to claim 6, wherein a digital image signal
is inputted to the pixel.

25. A display device according to claim 1, wherein the display device is
used for an electronic equipment selected from the group consisting of an OLED display,
a video camera, a notebook personal computer, a portable information terminal, a sound

reproducing system, a digital camera and a portable telephone.

26. A display device according to claim 2, wherein the display device is
used for an electronic equipment selected from the group consisting of an OLED display,
a video camera, a notebook personal computer, a portable information terminal, a sound
reproducing system, a digital camera and a portable telephone.

27. A display device aécording to claim 3, wherein the display device is
used for an electronic equipment selected from the group consisting of an OLED display,
a video camera, a notebook personal computer, a portable information terminal, a sound
reproducing system, a digital camera and a portable telephone.

28. A display device according to claim 4, wherein the display device is
used for an electronic equipment selected from the group consisting of an OLED display,
a video camera, a notebook personal computer, a portable information terminal, a sound
reproducing system, a digital camera and a portable telephone.
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reproduci ng system a digital canmera and a portable tel ephone. 26. A
di spl ay device according to claim2, wherein the display device is used
for an el ectroni c equi pnment selected fromthe group consisting of an OLED
di splay, a video canera, a notebook personal conputer, a portable
i nfoornation tethi nald display deyicerasppidingciordaigy &+ wherewm T&Fgﬁlapiqy davifsris and a
por t abl eudedlfepiiodestrodic eqfﬁi]ﬂil@i@ s@lyctele fromaha gfRboRdsting ¢tlaaiONED dWprREei n the
di splay devjce is wused ran eLectégnic ﬁ%%ggnghgiel cted fron1ghe group
consi st | AP <amSiey ERPEPAck ngSonaLeqppile:  RRRPRLS ToRRIo SRR S S
conput er repeoduomiapdtem| mfligitaldanena fel aperédble @lepberied repr oduci ng system a
digital canera and a portable tel ephone. 28. A display device according to
claim4, wherein the display device is wused for an el ectronic equi pnent
sel ected fromithe grfb@pﬁpgdrfévylei gvgondingate RED6 divbgreythe dasplaydéeyiesaiser a, a
not ebook 50584 j ' i : d

ufBIfs le(ﬁ%%qgl:ip[nécl%t RAELBP KB tﬂéa g{)dgl?:cgg{isﬁr%r JFABLED d%@%_ A

reproduci ng system a di canera and abl e tel ephane.

di spl ay #¥{Hee SameRot BPIEOUoPEsAahFamPYipTe epTahle mferagsiogyeraEnalcasquad ysed
for an etepeddueigGystami PaRihl Geleeshnra poeibld BRpESRUP consisting of an OLED
di splay, a video canera, a notebook personal conputer, a portable
information termnal, a sound reproducing system a digital canmera and a
portabl e tel ephone. 30. A display device according to claim®6, wherein the
di splay device is wused for an el ectronic equi pnent selected fromthe group
consisting of an OLED di splay, a video canmera, a notebook personal
conputer, a portable information termnal, a sound reproducing system a
digital canera and a portable tel ephone. 64
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